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- INFORMATION

~ . FOR ;
’ o , | . . | /
‘MCI  STUDENTS Y

Lt * M -. ' ) f . -
Welcome to the Marine Corps Institute training program. Your interest in

-

:selftimprovement and 1ncreased professiona] competence is commendable,

, Infortkation is provided below to assist you in completing the course.
Please read this guidand® before proceeding with your studieg

1. MATERIALS - : -

" . )
-Check your course materials, You should have all the materials listed in
the "Course Introduction." In addition you should have.an envelope to mail
your review lesson back to MCI for grading unless your review lesson answer
sheet is. of the self-mailing type. df your answer sheet is the pre-pripted
type, check to see thath our name, rank, and social security number are '
correct. Check closely, your MCI records are kept on a computer and any
discrepancy in the above information may cause your subsequent activity to go

‘unrécorded. You may correct the information directly on the, answer sheet, If

you did not recCeive all your materials, notify your training NCO. If you are .
not attached to a Marine Corps unit, request them through the Hot11ne auﬁovon
288-4175 or commercial 202-433-4175).-

2. LESSON SUBMISSION

The self-graded exercises contained in your course are not to be returned
to MCI. Only the comp]eted review 4essQn answer sheet should ‘be mailed to
MCf’ The answer sheet is to be completed and mailed on]y after you have _
finished all of the study units in the course booklet. The review ‘lesson has
been designed to prepare you for the f1na1‘llgm1nat1on )

It 1s important that you provide the required 1nformat1op at the bottom—\\h
your review lesson answerjsheet if it does not have your name-and address:
printed on-it. In courses in w the wérk is submitted on blank paper or
pr1nted forms 1dent1fy eao?igh eetlin the following manner :

~7 ' - DOE, *John J. Sgt 332—11-9999
) 08.4g, Forward Observation

. Review Lesson = *

Military or office address \

(RUC number, 1f ava11ab]e) _ ; B

. . v

Subm1t your review lesson .on the answer sheet and/or forms. provided.
Comp]ete all blocks and follgw the directions_on ‘the answer sheet for
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to
interrupt your Stud1es for any reason and f1nd that you cannot complete your
course in one year, you may request a single “six month extension by contacting
your training NCO, at least onevrmonth prior to your course completion deadline
date. If you.are not attached to a Marine Corp$ unit you may make this
request’ by letter. Your commanding officer is notified monthly of your status
through the-monthly Unit "Activity Report. In the event of difficulty, contact -
your training NCO or MCI immediately. ' . '

\
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- 3. M MAIL-TIME. DELAY . S ST R SN
- | ; . - . /
o) " Presentegpbelow are the mail-time delays that- you may exﬁerience between
. the mailind of your review lTesson and ¥ts return .tqg you.~ ' - )

~, - P
.

TURNARQUND. . - MCI PROCESSING " TOTAL NUMBER ,
"o MAIL TIME & . - TIME . ~..-“ . DAYS A
EAST COAST, 16 : L , 3
WEST ‘COAST ' 16 .5 AT A U
FPO NEW YORK 18 ., 5 - 23
FPO SAN FRANCISCO 22 . ! 5 27

‘ | o B :
You may also experiénce.a short delay in rece1v1ng your fwna1 ex@m1nat1on
due to administrat1ve screening requ1red at MCI. ’s

-

\s

4. GRADING SYSTEM
" LESSONS o EXAMS

.
GRADE - PERCENT ' MEANING - '  GRADE PERCENT o .
A 94-100 EXCELLENT A 94-100
B 86-93 ABOVE AVERAGE B 86-93
C 78-85, - AVERAGE - C 78-85 : -
D .- 70-77 . BELOW AVERAGE - D _65-77 >
NL - BELON 70 *-FAILING , F .+ _BELOW 65

)
You will receive a percentage grade for your review lésson and for the

final examination. A review lesson which receives a score below.70 is given a
grade of NL (no Wesson) It must be resubmitted and PASSED before you will .« =~
receive ah examination. The grade attained on the final exam is your course
grade, unless you fail your first exam. Those who fail.their first exam will :

be sent an alternate exam in which the highest grade poss1b1e is 65%. Fe1]ure
of the alternate will resu]t in fa1]ure of the.course.

“a

5. FINAL EXAMINATION

ACTIVE DUTY PBRSONNEL: When you pass your REVIEW LESSON, your examination
will be mailed automatically to your commanding officer. ‘The administration
~ of MCI final examinations ‘must be supervised by a comm1ss1oned or warrant
- officer or a staff NCO. | X . ,

OTHER PERSONNEL: Your examination may be administered and Qupervised Ey-
your supervisor._ _ . » \ . :

. 6.- COMPLETION CERTIFICATE - N

g

The completion certificate will be mailed to your command1rg officer and
.your official records will be updated automat1ca]]y For nen Mar1ne", your
completion cértificate is mailed to your supervisor.

. . - N . >
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7._ RESERVE: RETTREMENT CREDITS

ReseFve retirement credits .are awarded to 1nact1Ve duty personnel on]y
Credfts awarded for eac course are:listed in the "Course Introduction.”

Crddits are only awacded “upon suc sful completion of the course. _Reserve
~ retiremedf»credits are not awarded fdr MCI study performed during dril )

- pefiod511f credﬁts_are also awarded for drill attendance. -
L obg, DfSENROLLMENT . '

b
~

Only your commandinéroff1cer can request your disenrollment from an MCI

, course,. - However, an automatic disenrollment occurs if the course is not "
completed (including the final exam) by the time you reach thé CUD (course
completion deadline) or the ACCD (adjusted course completion deadline) date.
This action wflT adversely affect the unit's completion rate

-

~

9, ASSISTANCE . ' | . .

Consult your training NCO if,you have questions concerning course
content. ~Should he/she be unablesto assist you, MCI is ready to help you
_vwhenever you need it. Please use the Student Course Content Assistance - ‘
/ REQUest Form (ISD-1) attached to the end of your course booklet' or cal] one of
* the AUTOVON te]ephone numbers 1isted below for the approﬁr1ate course writer
§ ASFction

f

-

PERSONNEL/ADMINISTRATION 288-3259
" COMMUNICATIONS/ELECTRONICS/AVIATION - | :
NBC/INTELLIGENCE - 288-3604
INFANTRY ' - 288-3611
» * ENGINEER/MOTOR: TRANSPORT T 288-2275
- SUPPLY/EOOD SERVICES/FISCAL 288-2285
‘ TANKS/ARTILLERY/INFANTRY WEAPONS REPAIR
"~ LOGISTICS/EMBARKATION/MAINTENANCE MANAGEMENT/ , : . Vel
"ASSAULT AMPHIBIAN VEHICLES 288-2290

For administrative problems use the UAR O%, ca]] the MCI HOTLINE: 288t4175.

L

For commerc1a] phone lines, use area code 202 and prefix 433 jnstead of c

, o
\ o ~
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- : Course Introdiction - . oo

-

METALHORKING AND NEUSING OPERATIONS Is a basic course of particular value to Marines

~working in or towards the M0S's of 1316, 2161,

and 3513. ‘In addjtion to the fundamental .
subjecty mitter of the cougse, -there are instructions on identification .of meta}ls. and " their -
alloys; electric arc we]ding, weldipg with gases; metalworking machines and tools; weldigg <
equipment and welding procedures d in the Marine Cobﬁs . ’ . o
N > ‘ . N
-‘- e~ ADMINISTRATIVE INFORMATION - -
] o OROER OF STUDIES . .. .
Study Unit Study | ® - = ’
-Number Hours. Subject Maeter t !
1 K| Weldable Metals and Iheir Ahloys' o ) ,f o ) ST
2 4 Arc Welding Pfocess A .
3 3 Gas Welding Pﬂpcess . et % e v
4 3 Metalworking chines,\Tools o .
5 2 Repajiring Equipment and Interpret1ng’weid1ng Symbgk;
6 T2 ° Welding Symbals .
-2 REVIEW LESSON - ) _ .
2 FINAL EXAMINATION ; : ; S
71- - - N ~ ) - v
_______________ ___..___...._-'_..__.__._.._-___-_'_.--__________..N_____.__.__‘.I.___.._.__.___._.__.____.__......-_____..'___ & '
RESERVE RETIREMENT 7. .
CREDITS: ¥ -
" : . . .
EXAMINATION : Supervised final examination w1thout textbook or notes time ldmit, 2 .
+ hours :
MATERTALS: MCI 13.32f, Metalworking and Welding 0'per¢at1;ons..
Review lesson and answer sheet. .
RETURN OF - ’1 Students who successful]y compIete this course are perm1tted to keep
MATERIALS: the course materials.
Students disenrolled-for 1nact1vtty or at the request of their
commanding off1cer w1II return alI course materials,
~ . -
- "“ ------------------------------------------------ . /
v . HOW TO TAKE THIS COURSE
This course contains 6 study units. Each study unit beagins with a general objective that ’73
is a statement of what you should learn from the study unit, The stupy units are divided into, _ / "
numbered work units, each presenting one or more specific objectives/ Read the.objective(s) L.
and then the work unit- text. At the end of the work unit text are study questions that you ; '
should be able to answer without referring to ghe text of the work unit. After answering the
. questions, check your answers against the corréct ones listed at the end of the sgu?y unit.
If you miss any of the questions, you should restudy the text of the work unit until you
understand the correct responses. When you hav€ mastered one study unit, mov to the
next. After you have completed all 'study units, complete the review lessgn and take it to .
your training officer or NCO for maij fng to MCI. MCI wil) mail the final exqpination to your .
training offIcer or NCO when you pask\fhe review lesson. . - .
. \ . r . .
¢ X .
A y '
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Welcome to the Marine Corps
Institute correspondence traihing pro-
gram, By enrolling in this course, you
have shown a desire to improve the

* 8kills you need for effective job perfor-
mance, and MCI has provided materials
to help you achieve your goal, Now all
you need is to develop vour own method
for using these naterials 10 best advan-
{age. . .

“The tollomng guidelines present )
a four -part appv oach to completing yvour
MCI course suc cegsfully:

e - « .

1, ‘Make a.'recdmaissance’ of

your materials;

2. . Plan your study time and choosc
a good study environment:

3. Study thoroughly and svstem-
atically:

) *
4.  Prepare ror the final cxam,

I. MAKK A "I{l-f(_f()\ NAISEANCET O 7
YOUR MATERIALS N
Begin with a look at the course
introduction page., Read the COURSH
INTRODUCTION to get the "big picture”
of the course,
section near the bottom of the page 1o
find out which !(wl(s§ and study aid§ von
should have received with the’vourse,
oIr any ot the listed materials are miss-
s ing; sce Information tor’ MO Students
to find out how to gef them, I vou have
everything that is listed, vou are ready
to "reconnoiter’. MCT course,

vour

A Y
5
. Be-ad(through the 1able(s) ©f con-
Note the vaMous

tents of your text(s),
subjects covefled in the course and the
order in which they are taught,  Leaf
through the text(s) and look at the jllus-

¥

a4

Then read the MMIATERIALS

S
T
U
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'these study hours into_vour bCh(:‘(luJ(‘ : e

. 0

2

a

trations, Read a few work unit ques- .
tions 10 get an idea of the types that sare
asked, If MCI provides other study

aids, such as a slide rule or a plotting
hoard, “tamiliarize yoursell with them,
Now, get down to specifics' '

1. PLAN YOUR STUDY TIME AND A
« CHOOSE A GOOD STUDY ENVIRON- ;
MENT

From looking over the-course
materials, vou should have some idea
o how much stdy yvou will need to com-=
plete this course, But "'some idea’ is
not cnough,” You need to work up a -
personal study plan: the follow ing steps
should givz\‘ynu sonte help,

Ger a calendar and mark those
days of the week when you have rime.
free tor study, 'I? o study periods Pvi'
week, cach lasting 1 to 3 hours, arp
f;ngge:,l(-(l for Lomplenng the mlmmllm
o study units required cach month by
MCOL Or course, wobk and other
schedules are not the same for evervone,
The important thing is thai vou schedule
a l(‘ﬂllT'll time for 5Jll(i\ on 1h(‘ same
davs of gach week, _ y 4

T

! @ Read the course introdugion

page again, The section n'1ar.{g\d ORDER F)
OF STUIDES 1ells you the number of : '
stwdy uhits in the course and the approx- - (
tmate number of study hours you wil)

nu-d to complete‘each study, witit, Plug

For example. if vou set aside two 2-hour
swudy periods cach week and the ORDER
OF STUDIES estimates 2 study hours for
your Hrst sdudy unit, vou could easily
schedule and complete:the first study ,
unit m one study period, On your calen-
dar you wquld mark *'Study Unit 1" on the%
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" appropriate day, “Suppose that the Follow the same procedure l/or each o
= second study unit of your coursé re- i - study unit of the course; If you have )
. . quires 3 study hours, In that case, you problems with the text or work gnmlt questions
would divide the study unit in half a'nd that you cannot solve on your own, ask
work on euch half during a separate "your segtion OIC or 4 COIC for help, If
study period. You would mark your . he capnot aid you, request assistnn&urfrom
calendar accordingly. Indicate on your MCTI on thé Student Course ContentMssis-
calendar exactly when you plan to work . _ tance Request included with this course. S

: on each study unit'for the entire course, '

* Do notyforget to schedule one or two ‘ When you have finished all the study
study periods to prepare for the final , units, compléte the course review lesson,
exam, . W - . ' Try to answer each question without the a‘id of

: - ' reference materials, However, if you do not
@ Stick to your schedule, . know, apn answer, look it up. When you have .
: . , #nished the lesson, take it to your trajning
Besides planning your study " officer or NCO for mailing to MGIL. MCi .
time, you should also,choo{e a atudy ' . will grade it and*send yQu a feedback sheet
environment that is right for you, Most -1isting course references for any questions
P people need a quiet place for study, like W that you miss. . t

a library or a reading lounge; other ’ oo

‘people study betier where there is back- :
T ground musil; still others prefer to studv IV, PREPARE FOR THE FINAL EXAM

. : 9ut-of—doqg. You must hoose your X .
) study envifonment carefully so tgat it ° ‘ ’ ! B
- "¢ Tfits vour individual needs, ° ’ .
’ . I, STUDY 'l‘HOROl'GH’I.\'( AND )
) - 1)

SYSTEMATICALLY
Armed with a workable schedule

and situated in a good study environment

- * ° you are now ready to attack your course

- study unit by study.unit, To begin, turn V%ﬁ'
to the first page of 'study unit 1. On this . Oj K
y | page you will find the study unit objective,’ / . : y}
a statement of what you should be able to i :
* do after completing the study unit. : ' ' N
1XO NOT begin by re'adiné the
work unit questions and flipping through . o
? P the text ,fox‘ answers, If y::: d§ g0 g 3 How do vou prepare for the final
i y(nﬁvi]] preparc to fail, not pass, the exam? tollow these four steps: )
finat eygm. Instead, proceed as fol- , . I
\}) lows: ve - P . * @ Review each study unit objective
' } as a summary of what was taught in the
L] » ’
Read the objective for the ) ¢ course. . ol
first work unit and then read the work . 3 . l. 1" i of the foxt
unit text carefully, Make not 25 on N ' _m ! (lm‘_'_‘, _'f(;'a'_l](:‘:‘i fricult '
the ideas you feel are impm‘t&!, r that you Tound partictiart. ' '
’ ' : ; . Review all the work unit questions,
. . d Without referrinl to the text, . . -
7 answ tthc' questions at ”i, end af the paving sptcial attention to those vou missed
work ‘umr the first time around, )
»
[ 4 - ’ A
@ Check your answers against @ Study the course review
the correct ones listed at the énd of lesson, paying particular attention
~ the study unit, to the gquestions you missed, .
. @,Il’ you miss any of ghe questions, A v If'you‘foll{);w'dthe&.;ensim;;::
restudyv the work unit until vou understand ? epl.s, )%l)l()tl, \c;u '(C o well on i ‘
the correct response, inal. G ) LUCK!I
: - Go _on”to the next work unit and re- . -
', peat steps @ through @ until yau have com- . - N
. < pleted all th& work units in the study unit, ! ’ '
.8 . ' . ' * .
- o, _ viti ' _ ;
] L2 o . R 5
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, STUDY UNIT 1 - v o .

-

WELDABLE METALS AND THEIR ALLOYS

-STUDY UNIT OBJECTIVE: UPON SUCCESSFUL TOMPLETION OF ,THIS STUDY UNIT, YOU WILL

IDENTIFY THE BASIC WELDING PROCESSES AND THE THARACTERISTICS AND COMPOSITIONS OF

METALS. 1IN ADDITION, YOU WILL IDENTIFY THE METHODS USEP-<FOR METAL . IDENTIFICATION,

.THE HEAT-TREATING PROCESSES OF STEEL AND RELATED YQUIPMENT. L

. ¢ - f N ~ -
To perform duties as 3 metal worker, you must have a working knowledge of metals,

their classification, propemties, heat-tréatment, and welding processes. Yougnust become i
familiar with' the ‘ever-growing family of metals-and alloys. The welding process is one of the
principal means by which,metals are joined. It is a fast, efficient, and economical operation
that produces dependable results. Of the many methods of welding metals, the ones that you
will come in contact with the most will be the gas and arc methods; therefore, only these
methotts- will be discussed. : ’ : . '

o

Section I. BASIC WELDING PROCESSES, CHARACTERISTICS, AND .
COMPOSITIONS OF METALS AND THEIR ALHPYS' :

-

©

Work Unit 1-1. I'ETMS' OF WELDING , . .
' IDENTIFY THE TWO WELDING METHODS. /\,V _ &

N

(g;s welding. Your principal duty in gas welding is to~control afd direct the heat on
the edges of the netals to be welded and to add a sutable filler material to the pool of
molten metal. The intense heat objained in this process comes from the combadStion of gases,
usually, a mixture of oxygen and acetylene. This method is commonly referred to as
oxyacetylene welding. : _

. o ’

Electric welding. In this fielyroféwelding the two processes most cormmgnly used are -*
the resistance and the electric arc methods. Since the resistance method is mostly used in
production 1ine manufacturing of products, only a brief explanation of how it works:is’
necessary. In this method of welding, the work is pigfed in the ‘path of .a high-amperage
current, and the heat required for the welding 15 generated by the resistahce of the metals
contact between the work pieces to the passage of the current. In other words, if two pieces
of metal are placed between conductors (electrodes) for a high-amperage low-voltage current,
‘the metals will become semimolten if the current is stopped before the pressure is released,
thus allowing these metals to cool and réeturn to a solid state with solid strength. The most
cormon method of electric welding’and the one which you will be most interested in is electric
arc. This is the process of fuzing two metals together under heat 1iberated in an arc stream
and depositing a filler metal from the tip of an electrode into the-molten pool of metal.

. Mixing of the filler metal with the moltep petal produces a strong and dependable weld. - A new .
field of arc welding which produces better welds i¥ the gas-shielded process. In this welding °
process, both the arc and the weld are shielded by an umbrella of jnert gas- that has ho active
chemical properties. - The umbrella or shield of,gas keeps, atmospheric contamination away from
the arc stream and the molten pool of metal. Tﬂese methods, more commonly known as Tungst®n
Inert Gas (TIG) and Metal Inert Gas (MIG) welding, produce more solid welds. A ' "

L!

EXERCISE: ' Answer the following questions and check your responses against those Hsted-at~
the end*f this study unit. .

1.7 Identify the two commonly used methods of wéliing. ) ' w/’///
a. TIG and MIG < . " ¢.  Gas 5pd Electric ‘ '
b, Gas and TIG d.” MIG and Electric . . :
2. State the principal duty in gas welding. '
¥ Y S ———

3. The process of fuzing two metals‘tdgether under heat Tiberated in an arc arid.of
despositing a filler metal from the tip of an eléctrode intp a.molten pool of

netal is known- as . welding. . «“ o,
a. electricarc. - . c. M6 T
b. oxyaftylene —~ 4. TIG y

:‘_ 1 N
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s 4. tist two types of gas shielded welding. L ) ‘ - '
s - ’r ’ .n-‘ « ;- . i ' & : .
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" Work Unit -2, CHARACTERISTICS OF METALS AND ALLOYS'® - ° i | \
. 'NAME AND DEF INE"THE TWO PROPERTIES OF METAL. ' ° L )
o . ' To become 4n efficient metalworker, you must know the properties of metals. 'Ihis : .
: knowledgewill aid you to propeglwweld and work the metals. Everything in nature 1s made of : '
~ < one or more elemenits.. An element is ofie ot tne butiding blocks with which nature builds more £ -

. complicated substances we gall compounds. Compqunds are ‘always composed of two or more.
elements. . For a given compound, these elements are combineli in definite fixed proportions. :
For example, water contains two parts of hydrogen and one of oxygen (Hf()). Physical - .
N prope\rtigs are metal properties determined by ‘chemical compos itions which cannot be changed by .
heat-treatwent. They ipyolve color, luster,. weight, électrical conductivity,-and thermal : -
. ~ conductivity. Identification and possible use-at metals and alloys can be determined trom
their physical properties. The characteristics of a metal to resist deformation caused by
external. forces are cal]ed mechanical properties. They are many, and several are 1istdd below * . '
with their definition. ’ . . . '
. . ‘ . . 1Y
Hardness. The resistance of a substance to indentation or penetration. ,

Wear resistance. The d)j]ft\y'of a substance to withstand the cutting -or abrasive action .
generated by the s1iding motion betwekn two surfaces that are under pressure: ‘ L«

. - . . ", . .
_ "-Tensile sstrength (tig 1-1).  The maximum stress that a substance will develop under a slowly -
applied Toad, stated in pounds ‘per square inch (psi). ; : '

2 .

‘e

k3

FORCE - - ——rorce

TENSILE' S T™H . ‘ | RN
2 e s Fig 1-1. Tens‘.ﬁe strength.
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‘ Stress (fig 1-2). The reaction of a substance to an externally appiied force.
M - ~ - ' . $

. FORCE . - . A A
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‘ ‘ ' STRESS ’ " -
A . ' Fig 1-2.. Stress. . ‘ _
Strain (fig 1-3).  The change in length per unit of léngth of &4 mterial that is subject to
stress. R AR T . -
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Corrosfon resistance. The ability of a metal to withstand chemicﬂ or e1ectrqchem1ca1 action
Fy atmosphere, mofsture, or other agents. - -

Shear strength (fig 1-4). The resistance to a forCe acting 1n a tanggntﬂﬂ menner tending to

cause.particles of a body to'slide over each other. . P
) > ;
‘\J ., A - 4 N q
- ) v M " 5 | . .
v ’ . p—
' at {
‘ - ' ~ SPOT WELD : L v
. - . / ¥ -
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" SHEAR STRENGTH ACTS - * - ¢
ON SPOT WELD
3 /
t ’ — ,
s ", . SHEAR STRENGTH
v 4 ., .
. / e

o . ¢ TFlg1-4. Shear strength@ﬁn spot weld. \/5 /\/ : '

Toughness. That property Of a metal which enables it to withstand shock endure strains and
s,Eesses and be deformed without breaking. . ,

v

Machinability. The éase with which stock metal fs turned, planed, mil1éd; or otherwise shaped
Tn the machinesshop. Proper heat-treatment improves this property.

Ductﬂigx. The property of metal which makes it capable of being drawn, stamped or hamered )

ol n; 1n other words, easy to work. _ L,‘
- DR Y .

EXERCISE: COmplete the exgrcise below and check. your responses against those 1isted at the v

end of this study wnit.

Py

Name the two proper-.t.&es of metal and def}ne each.

o




Mork Unit 1-3. COMPOSITION OF FERROUS METALS L _ ~ .
IDENTIFY CHARACTERISTICS OF THE FOUR IRON METALS. -

i IDENTIFY THE CHARACTERISTICS OF PLAINACARBOY STEELS.
LIST THE SEVEN ALLOYS OF STEEL . | : >

Metals and alloys are both called metals; they both have meta]]ﬂ: proper 1es..{{\ pure :
< . .metal is usually defined as an element that, when solid, has a crystalline strucfyre, fis .
usually -opaque, is a good conductor of heat, and has a peculiar luster when fractuxed. Some
examples of pure metal are iron, aluminum, zinc, lead, copper, and magnesium. PureNnetals are
always elements. An alloy, on the Bther hand, is a substance that has metallic properties and -
is composed of two or more elements, at least one of which is a metal. Examples of alloys are
steel’, bronze, and heat-treatable aluminum. The metals with which you will work-an divided ~
into two general classifications: ferrous and nonferrous. A ferrous metal is composed mostly
of iron; for example, 'pig iron, cast iron, wrought iron, carbon steels, and the various alloy
;steels. A1l other metals are nonterrous. You are probably tamiliar with many nonferrous
metals, such as gold, silver, lead, zinc, aluminum, copper, and tin.

7

- ‘a. Ferrous metals. Betore iron and steel products can be manutactured, you must mink and
then convert 1%, to metallic iron by melting it in a hlast furnace in the presence of coke and
limestone. The chemical and physical reaction which takes place in this process reduces the ;
ore to mo) ten iron. This iron is drawn from the bottom of th¢ furpace and pouréd into molds
to form shapes ot coOnvenient size, known as “"pigs.” Pig iron is cﬁﬂposed of about 93% iron; -~
3% to 5% carbon, and varying afounts ot other elements. Pigs are used in ‘the manufact'ure)o.'!'.
cast iron. R A

. -t {1) Gray cast iron. This typesof cast iron contains Y0% to 93" pure iron and varying
N } L proportions of carbon, manganese, phosphorus, silicon, and sulfur. It is very
fluid when in the form of molten and 1t solidi fies slowly; therefore, castings .ot
#ntricate designs .can be easily made with this metal. If weight and rigidity “are
required without very great strength, use gray cast. Usually it is found in the

"dlocks of automobile engines, pump bodies, gears, pulleys, and machine frames. -

/"“\4-

. <,\ o4 (})‘ White cast irop. It 1s produced by casting against metal chills (special blocks

: 4 . W\ used to dissipate heat). Tnis procedure causes the free carbon in the gray cast
<7 C” ’ . iron to combine with the iron. The result is a very hard and brittle iron with no
B N tree carbon. Tnis metal can be used whq®hardness and resistance to wear are
‘ N essential, such as for treads on treight)xar vheels. It is not recommenced to
weld white cast iron. i - - .

. : (3) Malleable cast iron. By heatiny white cast iron to about 1,6500F, by holding it
. at tnis fempera‘ture tor- several hours or even days, and by cooling 1t slowly, we
have what is known as a malleable cast iron. This type of cast can be bent

- g without breaking, ana it will wfthstand shock.  Hard-wearing handtools,-pipe

fittings, and automotive parts are usually made of malleable cast iron. )

Sy
(4) Wrought.iron. When pig iron is further refined in a puddiing furnage, "‘sﬁ'tﬂl more
of 7ts Tmpurities are removed. The resulting product is wrought inén. ’The
chemical analysis of wrought iron and mild steel are practically the same; the
elements of both metals are very similar. In iron, the carbon content 1s
' considered’ an impurity, whereas in steel the.carbon content is considered an
alloying element. An alloying element produces a desired or wanted effect. Also,
- the di fferences in the process ot manufacturing cause theydi fference in th'ﬁ '
properties of the two metals. HWrought iron is made by a process of puddling,

' , squeezing, and rolling. This introduces slag into the iron and gives it a fibrous
internal structure similar to that of a piece of wood. This structurefis
responsible for its workability and resistance ‘to corrosion. It is used.for crane
hooks, bolts, piping, rivets, and nails. Steels, on the othér hand, are made by a
rocess ot smel ting, grcarburizing, deoxidizing, solidifying, and rolling. The
decarburizing removeg. the excess carbon, and deoxidizing takes ‘out other ’
impurities by the use ot manganese. Ouring fhost ot 1ts manufacture, steel is.in
mol ten condition. When 1t s poured into ingots, it solidifties into a granular

- . structure. It is then sent to rolling mills to be tormed into shapes. As
mentioned before, on the surface mild steels and wrought iron look the same; the
- internal structure is the difference hetween the two. A further look at different
types of steels that you will come into contact with will be presented below.
"
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b. Plafn carbon steels. The carbon which is dissolyed or combired in these steels may be
- present In Various amounts depending on the type of steel, but in any case wil}l not exceed
. 1.70%. Carbon steels may also contain ather elements such as manganese, which is -added to
increase the hardness and toughness of the metal by-reducing impurities, and silicon, which
frees the metal from pockets and blowholes (pockets of gas trapped in solidifying molten
metakggé Sulfur and phosphorous are considered impurities, but in some .cases sulfur is added
.to i ase the machinability of the metal. S v e .

o

* . - (1).Low-carbon steels. “These are stee]s}l‘ntaining up 0.25% carbon which are usually
used when structural strength is of 'no great 'importance. These steels are easily
: welded. . \ :

AY

(2) Medium-carbon steels. These steels have a carbon content ranging from 0.25 to
. U.45%. When these steels are welded, the zone in the vicinit} of.the weld which
- ; has been heated to its critical temperature will harden jf cooled rapidly. This
’ hardening can be avoided by preheating the metal to between 3000 and 5000F,
o depending on the thickness of the metal and its carbon content before welding, and
. also by heating to a temperature below the critical range, usually to about
. 1,1100F and allowing it to cool slowly, thereby removing ingernal stresses which
; g ’ developed during the welding operation. This is known as stress-relievin§:-~
-(3) High-carbon steels. These steels have a carbon content exceeding 0.45%. They are
. very difficult to weld because of the hardening aFfect of the heating in the i
o ‘ vicinity of the weld. High-carbon steel must be preheated to at least 5000F
before welding, and stréss-:flieved at 1,100 to 1,2500F after welding.

(9

(4) Tool steels. Tool steels normally gave a carbon content exceeding 0.60%. They
are relatively hard to weld and require slow preheatiqg up to 1,0000F.
Stress-relieving similar to that required for high-carbon steels and subsequent
reheat-treatment, must be performed immediately after welding. '

(5) Copper-bearing steels. These steels are generally of the low-carbon type and
‘congain‘Ufzoi to 0.50% copper.. They have the welding characteristics of
= . low-carbon steels, - - . ) ) :

-

»- @~ ¢c.. Alloy steels. The principal metals used as alloys in steel are chromium, manganese;
¥ molybdenura, nickeT, tungsten, and vanadiur. Silicon is combined with some of these metals to
obtain certain desired, characteristics. HMany of the alloy steels contain several alloying
elements, and all those listed are weldable. The alloy steels with the “simplest composition
' are generally easiest to handle.

- J1) Chronmium.  This is useq as an alloying e{ement in low-carbon steels to increase
' corrosion ré&sistance, hardgnability, and resistance to shock. It also imparts
- ‘high strength with 1ittle loss in ductility. A1) corrosion-resistant steels

contain chromium and nickel. _ .

¢

(2) Manganesé. Manganese is used in steel to produce greater toughness and wear
Ty resistance, and to promote easier ho§ rolling and forQ{ng., Increasing mahganese
) in steel decreases the weldability oK the final product.’ ) . -

‘ : (3) Molybdenum. Addition of this alloy to steel increases the Hardenability, which is
the depth of hardening possible through heat-treatment. The impact-fatigue
propergy of a steel.is improved with up to 0.60% molybdenum. Above 0.60%, this
property is impaired, but the wear resistance is improved when the content {s
- , raised to above 0,75%. Molybdenum is sometimes combined with chromium or nickel
L ‘ ’ or both. Molybdenum‘-.isg
obtain desireable prope

C T (4) !gckel. Toughness, ductility, and strepgth of steel are -increased by addipg

nickel. It Towers the hardening temperature so that an oil quench rather than a
water quench can be used for hardening. The addition of 25% to 35% nickeT to
steel develops high reststance to corrosion. v .

es.

(5) Tungsten. This neta) allpy énables hardened steel to retain its hardness and
. strength even when heated to 1,1500F. For "this reason cutting tools made of
tungsten-steel can be used at a speed or cutting depth where friction would raise

3

. the temperatyre to 1,0000F without impairing the effectiveness of the tool.
, : Tungsten is frequently used in conjanction with other alloying elements, such as
.+~ chroniun and vanadium. _ . .
LI 1-6

Fd

metimes combined with chromlum, tungsten, or venadjum to * -

-~
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(6) Titanium and columbium. These elements areQBSed as an additional alloying agent
Tn Tow-carbon content, corrosjon-resistant steel that also contains chromium and [y

g nickel. They support resistance to intérgranular corrosion after the metal fis
T subjected to higg temperatures for a prolonged period.

strength of the stedl and decrease the grain size.- 1s also added during the
manufacturing of steel to remove oxygen. .

¢ ‘ / ' - 0
ﬁXERGISE: Answer the'f:Tiowing questioms and ¢heck your responses against those listed at ‘
Y ‘ the end of this study unit. - .

(7) Vanadium. The p ry purpose of vanadium is to 1ncijfse the hardenability and
It

1. The cast iron used in making auvtomobile engines is

: a. gray. ' c. white. 7
b b. wrought. ) d. malleable.

- ~ 2. The .cast iron not-recommended for welding is

a. gray. c. white. -

b. wrought. . d. malleable.
. g S
- 3, The cast iron which can be bent without breaking is

gray. c. white.
wrought. <, d. malleable.

o™

4. The cast iron used to maye nails, rivets, and crane hooks is

.  gray. - c. white. - N _
b. wrought. d. malleable. . : N

5. The maximum amount of carbon found in plain carbgg\steé1 is

a. 0.25% " c. 1.70% \
b. 0.45% / - d. 1.90%
~ §c When structural strgpgth is of no great 1mportancé, is used.
_a. copper-bearing ' c. . medium carbon )
b. low carbon d. high carbon
. 7. The maxiﬁum amount of heat required for stresd-religving high-carbon steel is A
‘ " a. 5000F, - c. 1,1000F, [ '
b. 1,000°F, _d. 1,2400F, -
8. The plaifi carbon steel with a carbon“content exceeding 0.60% {is
i : a. low. B ¢. high.
b. medium. _ : §: tool.
9.'.Copper-bear1ng steel has a‘copper content of to %
a. 10% to 20% c. 0.20% to 0.50% .
b. 15% ‘to 30% d. 25% to 56% . , ~
= ¢ 10. List the seven alloys of stee]} - K
\ L
, -
(3) )
(4) '
(5) (
(6)
- (7) .
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" dork unit 1-4.  COMPOSITIONS OF NONFERROUS METALS AND ALLOYS
| MATCH FIVE OF THE TWELVE NONFERROUS METALS WITH THEIR CHARACTERISTICS.
? -

a. Aluminum. Alustinum, alloyed with magnesium, copper, iron, or other métals, s most ¢, i
commonTy usedfor industrial purposes, The most noticeable eharacteristics of these alloys
are their high strength although their weight is light and they resist corrosion. Most of
these alloys in.rolled, cast, or extruded form can be welded by the oxyacetylene, resistance,
and electric-arc processes. : ’

-
P

b. Copper. This metal is commercially available,Min two major groups: oxygen-bearing .
copper and oxygen-free copper.- The oxygen-bearing copper is of medium strength, ductile,
tough, and highly malleable. The oxy8en-free copper has the same general characteristics, but -
" ﬁhehproperties are more uniform and the electrical and thermal conductivities are somewhat
igher. . .

. ¢. Copper alloys (brasses)., These are copper-zinc alloys with varying percentages of
these two metals w corresponding variations in the properties of the brass. Occasionally,
as described below, a third or forth alloying metal is added to.improve one or more of the .
mechanical properties. Brasses are produced in three classifications: low, high, and alloy. s

(1) Low brasses. These brasses contain 80%.to 95% copper and 5% to 20% gzinc. They _

* range In color from red through gold, to green-yellows. The 1gw brasses are Q&‘

~ductile and malleable at room temperature. They can be cold-worked by such
operations as deep drawing, spinning,.and stamping. - '

4 - s - . N
» (2) High brasses. High brasses contain 55% to 80% copper and 20% to 45% zinc. The ] [
- tensile strength, hardness, and ductility increase as the percentage of zinc ) .o
increases. Metals suitable for both cold- and hot-working are found in. the high
+  brasses, - : T -
- :  §

. :
~ (3) Alloy brasses. The alloy brasses contain, in addition to zinc, small quantities
of f%n, manganese, iron, or lead. These alloying agents are added- to prodhce
desired -properties, such as machinabiTity, resistance Ep corrqsion, and
improvement of hot-working properties, =

.
Fil

%

d. Sificon bronze. Copperzsilicdh alloys (silicon bronze) contain siﬁicon with zinc,
tin, manganese, or iron as alloying agents. They have high tensile strength and excellent
corrosion resistance and are readily welded,: usually by thepcarbon—ﬁrc process.

-

e. Phosphor bronze. Copper-tin alloys (phosphor bronze) confain tin (1.5% to 10%) as the

principal alloying agent, a small qugntity of phosphorus as a deoxidizing agent, and small _
. percentages of zinc, manganese, lea3d, antimony, or iron. These bronzes are tough and hard and .
have high fatigue resistance. 1 : - :

f. Aluminum bronze. Copper-aluminum alloys (aluminum bronze) tontain aluminum as the‘>
principal alloying agent with additions of nickel, iron manganese, and silicon in varying low
. percentages. The working characteristics, hardness, ductility, and other properties of these. ,
bronzes are govetned by the percentages and type of alloying agents, but all of them resist -
scaling and oxidation at high temperatures.” They are highly resistant to mineral acid attack
and corrosion from sea water, . : .

[
-

_g. Copper-nickel alloyg. Copper-nickel alloys are available in thgee types containing
10%, 20%, and 30% nickel. ?hese alloys have smoderately high to high tenséle strength, A
depending on the nickel content., They. are moder y hard and quite tough and ductile. They ‘
are very resistant to the erosive and corrosjve effects of high-velocity sea‘water, to stress . +

corrosion, and corrosion fatigue.

¢ : : .

h. Nickel silver. Nickel is added to copper-zing ;}1oys,(brasses) to lighten their
color; the resuTtant alloys are called "nickel silver." These alloys are of two general
types, one type:containing 65%_or more of.copper and nickel combined, the otMer containing 55%
to GO% copper- and nickel comhined, The first type can be cold-worked by such operations as
deepdraviing, stamping, and spdinning. The second type is’ much harder and 13 not processed by
apy of the cold-working metheds. Gas welding is the preferred process for jofning these

metals. '

-7 - ! .. ’ v—/ * ' -
i. Copper-beryllium alloys. These af‘oys usually contain approximately 1.5% to 2.5%
beryl11ium with sTight additions of iron, nickel, and silver. When age-hardened, they have .

ver¥ high tensile strength and hardness. They are quite ductile*and suftable for cold-working
when softened, but they loose their ductility if cold-rolled or -case hardened. .

. o -

~
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j. Magnesium and m@egiﬁm alloys. ) . : .

(1) ‘Magnesium 1s roughly-‘one-f1ifth the weight of steel and two-thirds the weight of
aluminum. Magnesium-s a weldable 1te metal with a 1ow melting point and
excellent machinability. Cmrci@mg\esium is usually alloyed with.various
amounts of aluminum, maganese, angd inc to obtain maximum strength and cerrosion
resistance. . o .

(2) Two alloys, AZ31X and M, in the form of extrusions, platés, and sheets, are most
widely used in applications involving welding. AZ31X contains varying amounts of
aluminum, zinc, and manganese for sheets, plates, extruded shapes, and structural

sections. M contains 1.5% manganese. ‘ . .

LR}

*

k. Nickel and nickel ’allo,ys (monel ). N

(1) Nickel is very ductile, malleable, grayish-white metal. dt oxidizes. slowly in. the
presence of moisture and is resistant to corrosive fumes It is used as an
alloying elggnt in the ‘production of cextain steels. " -
* (2) Monel is a‘silver-vhite metal containing approximately 67% nickel, 28% copper, and

_small amounts of silicon, manganese, carbon, and sul fur. Some types of this metal
. contain a smaﬂ.percenta?e of aluming. The most important property of monel is
its resistance to corrosion. - -
1. Lead., This is a heavy soft metal, bright white in color when freshly cut, but it
oxidizes quickly tb a* dull gray. Lead is resistant to corrosien from ordinary atmosphere,
‘moi€ture, and water and is particularly éffective against many acids.

EXERCISE:  Match the nonferrous metals\1isted as "1 " through "5" in column "A" with the

correct characteristic, 1isted as "a'. throu "e", in column "B". Check your *
responses with those 1isted.at the end of this study unit. )

-

\ . Column A b ) Column B ; Y
1.  Aluminum L a. Hardness, ductility .
2. Copper : b. Weldable, white me:,tal , Tow melting point,
3. Aluminum bronze . machinable o7 ‘
4. Copper-nickel c. Medium strength, ductile, tough, malleable
5. Magnesium d. High strehgth, 1ight weight, resists
_ corrosion ‘
. e. Moderatqu_harq, tough, ductile
. - ' . ) .
,Section I1. IDENTIFICATION OF METALS : A
Work Unit.1-5, SAE CLASSIFICATION OF STEEL . ' .

LIST THE THREE ELEMENTS OF THE SAE NUMERICAL SYSTEM FOR. THE tLA_SSlFlCATION OF
STEEL. :

for the classification of steels has been generally.adopted b industry for the identification
of steels on drawings and in specifications. In thts system, the class to which the steel
belonas, the percentage of the predominant alloying agent, and the average carbon‘ontent in
percent are indicated as -described in parggraph 1-4. : Q :

%

Originated by the Society of Automotive Engineers ('SAK.‘tL\e numerical index system

-

E 3




The vgrious classes of stee] ark identified by the first digit of the SAE number as
indicated below: ° ~ NG Lo . _ .

Class . _ Number

Carbon steels . . . . . . .. ... 2N s e . 1

Nickel steels . . . . . . . . ... Ve e e RN 2

Nickel-chromium steels . . . . . __~ e e e .. 3

’ Molybdenum sgteels . . . . . . . TAT/T Sy 4

Chromium s€eels . . . . . . . . . . . . ... .. . 5

Chromium-vanadium steels . . . . . .. .. ot ! 6
Heat-resistant casting alloys . . .t. .. ;m ... ... .7 -

A 4 Nickel-chromium-molydbenum steels . . . .« . . . . . . 8

. Silicon-manganese steels and nickel-chromium-molybdenum
-steels . . . . ... ... e e e c e e e 9

The first digit indicates the type to which the steel belongs;” thus,-1 indicates a carbon )
steel, 2, a nickel steel, and 3, a mickel-chromium steel. 1In the case of simplé alloy steels,
the second digit generally indicates the approximate percentage:of the predominant d1loying
element. Usually the last two or three digits indicate the average carbon content in
huidredths of.1%. Thus, 2340 indicates® nickel steel (indicated by the first digit-2) of
approximately 3% nickel (indica}ed'by the second digit-3) and 0.40% carbon (indicated bysthe
last two'digits). In some instances, it has been necessary to depart from this system of
identifying the composition of the steel by varxing the second and third digits of the
number. This is indicated by the numbers se]egﬁﬁgn

alloys -and triple alloy steels that can be found ¥n thg‘mbst recent SAE handbook.

- Y - j

- . l_' ’
EXERCISE:  Answer the following questions and check Your ,responses with those listed at the
2 end of this study unit. . S \

.
1. List the three elements of the SAE numerica\'}ndex system.

,

for several corrosion and heat-resisting ¥

a. - .
b. — .
b4 o — 3
C. . . . .

—— —

AN

2. A metal with a classification ngpber of 2542 1ndfcétes it is made of what typé

steel? _ » : ” )
a. . Nickel . c. Chromium )
b. Nickel-chromium ’ d. Molybdenum steel
3., 2542 indicates steel with a nigkel content of R T
T, ” * a. 4 _ . c. 6 - T } s
b. § ’ d 7 : :

4. 2542 indicates nickel steel with a carbon content of
2. " 5423, : . 4s.
b. 52%. ] . o d. 32%.
Work Unit 1-6. APPEARANCE OF METALS
| DESCRIBE THE ‘APPEARANCE TEST. \ .
Have yoL ever dropped a coin on the deck to find out what it was made of? " Maybe at

that time you didn't know it, but you were testing the metal by the ring it made when it
bounced to find out whether it.was made of nickel, copper, or silver, or if it were

counterfeit. Other test$ as simple as this one have been deyised to identify metals. You can

test by the appearance of the metal, the fracture (chip) test, the grinding wheel (spark)
test, and the torch test.” Normally bar stock is color-coded on the ends to identify the type
of steel. However, suppose the user of the ba‘, who used it before you, cuts off the end that
has the color code, then you will have to resort to other methods to determine the type of
material that you have. It is possibTe to make these tests with 1ittle or no equipment,
therefore they are convenient and easy to do. As long .as you are-a metalworker you will be
either making or hearing other people make references to rretal identification tests, so it is
a ggod idéa ta(:now what they are all about. ¥,

o
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In the meta) workshop or the storage area, identification marks my be Westroyed.
when this happens, metals must be identified by other means. . ' N

Appearance. Frequently metal may he identified by its surface appearance, that is,
its color an xture, Examining the outside unfinished surface of a metal is not always
‘sufficient evidence for c¢lassifying 1t§ but 1t does make 1t possible to classify the metal :
- group, thereby 1jmiting additional testﬂ needéd for specific fdentification. The surface \/ '
color will put it into a class. The following Tist may help you to fix in your mind the , v
surface appearance of the more common metali. If color and surface textures are ndt enough
- evidence upon which to base your classific&tion, you should then resort to the chip and torch
. . - ~

tests. . ,\ \
a. Gray cast fron. - The unmachined surfaces'.ar'e very dull gray and probably somewhat '
- roughened by the sand mold used in casting the part. Unmachined castings may have brighter. '
K L ]

. areas where rough edges have been removed by grinding. :

’

b. Malleable fron. The surface is much 1ike gray cast fron, but the dull gray color is
somewhat Hai_ ter. "It is generally free of sand. ' . *

" C.. Wrought fron. Its aﬁpearance fs the sime as that of rolled low-carbon steel. [

d. Low-carbon$teels. The appearance of the. steel depends on the method of its treatment
rather than Tts composition. o .

(1) Cast. This steel has a relatively rouzm, dark-gray surf,ace,'exce‘pt where machined.

-

(2) Rolled. This steel has fine surface lines r"unni-ng in one direction.

4

. - - . .
' . " (3) Forged. This steel is usually recognizable because of its shape,'\hamer marks, or e
' nish. ' L ) ) oA
. : . ¥ -

. v . e . '
e. High-carbon steels. The unfinished surface is dark gray and similar to other steels; S

however, these steels are usuflly worked to a smoother finish than the less dostly Yow-carbon .

steels. - . A R o L

4

f. Steel forgings. The surface is smoth. If forgings have lrt Been finished, fins
caused by metal squeezing out b€tween the forging dids will be.evident. 1f fintshed, the area ,
" from which the fins have been removed will be noticeable. Thgse for-géngs, u,leiss they have .
been properly cleaned, are covered vwith a reddish-brown or black scale. ) 4 o . : / '

é g. Alloy steeis. " Drop forgings have the,same appearance as other drop-forged steels.
‘Many of Tthe alloy steel products are machined all over. - _ L
B h. Cast steel. The surface is brighi':e'r than ¢ast or mdieable iron and sometimes o
contains small depressions similar to a bur'st bubble, - ‘ '

: 1. Aluminum. Aluminum is white, very bright when p_oﬁihed, dull: when oxidized, and light
ot in weight. L, ! ' 1 v .
~ -~ r-,) " A i «
J. Aluminum bronzes. These metals are yellow; but, when pol ished, they are darker than.. s / .
} 7 brass. ¢ ) ) ,

. ' : k. Brasses and bronzes. The colors of 'poHshed brasses and bronzes vafy from an almost, K T
copper red to yellow, depending on the composition of the metal.Qe_y oxidize to various -

shades of green, brown, and yellow. _

’ -

1. Copper. Co*xer 1s red when poHshed. It oxidizes t:g'vario ¢ shades of green." ¢ £

. . . _ . . ¢ :
m. Lead.. Lea}hs white when freshly c&, and 1t becomes dull gray when expdsed to air. '
It s very sqoft and heavy.” - Yy - -

i . » - . . . * -
ot : ~n. Magnesium. This metal is silver-white and weighs about one-third less than aluminum. }
| " 0. Monel mesal. Monel metal is 1ight gray which dulls to a darker grpy on a{;ing." ! k '
—_— . .
p. White metal die castings. These are usually made with alloys of a\uminum, lead, ' S

.mgnesﬂm,'md tin. Excepting tirose made ot lead or tin, they are 11'\ght in weight and .
generally white. The surface is mich smoother than "that produced by castings made in.sand.
. . 4 . \

. , v ‘ !
LS . ' ;
. ‘ - ‘ N .‘ . - \ B “.
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. EXERCI§E: In the space -provided below, describe the appearance test. Check your response. k
against the one 1isted at the end of this study unit. ’

1w
: L
L
R ),'_
\ -\
9 \ ’ ) .
Work Unit 1-7. FRACTURE TESTS OF METALS . ‘ ' - "
DESCRIBE THE PROCEDURE FOR PERFORMING THE FRACTURE TEST. - oy

Fracture test. The test 1s made by ‘'removing a small amount of material from the
sample of meta¥ yIth a sharp, cold chisel. The material removed will vary from small, broken -
fragments to a continuous strip. The chip ﬁny' have smooth, sharp edges, or it may be - ’
coarse-grained or fine-gratned, or 1t may have sawlike edges where 1t has been cut. The size '
of the chip 1s important in identifying the metal. The ease with which chipping takes place
-~ Q> 1s important for identification. Exami(e_ the chips until you are sure you can recognize them , .-,
-~ the next time you see them. . - r 9

[y
- ~ L
P -

break it o tting a sharp blow with a harmer. Thebreak will be short and the exposed
surface will be dark gray. This color s caused by fine spacks of graphjte’ dispersed
"~ < throughqut the metal.* Chipsqraised by a chisel break 8ff as soon as formed. \ - !

{

a. Gray cast’iron. Mick a Eorner of the gray cast tl;on with a chisgl or hacksaw and Y, /
*

steel-11ke band around the edgq, somewh t 9 ike|a picture frame. A Good quality ma]]eable*{r n . v
®is much tougher than cast iron and doei ot break short when nicked. N

| .C. Wrought iron. Wrought iron ganfe bent and '1s‘qu1te ductile. When wrought {ron is
nicked and'bent to the breaking point, the break *is Jjagged. This 1iron has & fibrous structure
which can be split in the direction in‘which the fibers run. 1t is easily cut_.wiyu a ghise].

b. Malleable iron. The central portion/o[\ft,he broken- surface is dark gray with -a bri 't

d. Low-carbon sted]s. °The color €1 b‘r"i?\t crysta‘lﬁne. The metal 1s tough when chi ppéd

or nicked. ‘- v

e. Hi

. These steels-aretharder and more brittle thas low-carbon steels
and the fractur . L '

erynd fiper grained. - °

v f. Steel forgings. Ft;rg1ngs may be of loy-.carbon, high-carbon, or tool steel and the :
color wiTT vary from bright crystalline to silky gray When the'sﬁécimen 1s nicked, 1t 1is B _
» harder to break than cast steel and has a finer grain.-. : ) /‘

Generally, the alloy stee']s are very fihe-grained. 'Sometime§ f‘he
. 3 g
e syrface of the fractured ar 1s bright crystalline." Steel castings

¢ h. Cast stee).
are tough and do not break 'short. Chips made with a chisel, except manganese steel, curl up. L.
Manganese steel cannot be cut with a chisel. ' ) )

g. Alloy steel
fracture has a velv appearance; [

1. Aluminum., Castings show a bright crystalline stv‘dcture.. Rol1ed metal shows a bright
and smooth surf¥ce. . o . ' ) -

: ) | ; TN
J. Brasses and bponzes. The fractureﬁ surface ranges from smooth to crystalline,
dependéng on the cdmpdsition of the metal and whether it has beggcast, forged, or rolled.

'
- ]

)

_ . \ .
' « k. Aluminum bronzes. }The fractured surface 1s smooth.

1. Copper. I't presents a smooth surfdce that is not crystalline.

. m. Lead. It is white and crystalline. T _ ' L - »
, . n. Magnesiusk The fractured surface is rough and fihely granular. ‘ -

4

' 0. Monel metal. The fractured s,ur“zface is cr‘ysta]Hné.° Its color 15 similar to that 44 Y
nickel. . a Q ' 3 . \ % , -

~ A\

. . * . ) ‘ . ° -
! Ce .o B Fo
. . S— . - - . . ’ N, '> .',;"
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‘p. HWhite metal die castings. Its fractured surface is white and somewhat granular.

EXERCISE:  In the space provided below, destribe the procedure for performing the fracture -
- test. Check your response with the one 1isted at the end of this study. unit..

B8

- ”

. . 4 ' ) N .
Work Unit 1-8. GRINDING-WHEEL TESTS OF METAL t & B _ ' "o N

DESCRIBE THE: .sarmrnemusti( TEST.

Grindjng-wheel test. Various tyg)es of iron and steel produce spﬁrks which vary in
Jength, pe, and color when-held 1ightly against a grinding wheel. The sparks given off, or
the lack of sparks, assist in identi fying the metal. The wheel should be the aluminum oxzide
type, hard.enough to wear reasonably long, yet soft-enoqgh to retain free cutting properties.
The peripheral speed should be approximately 4,000 feet per minute in order to produce good,
brignt sparks. The length ot the spark stream®its color, and the type of sparks are what you
should look for. There are four fundamental spark torms produced by holding a sample metal
against a nding wheel. \In figure 1-5, A. shows shafts, buds, break, and arrow. The arrow
or spearhead is characteristic of molybdenum, a metallic element of the chromium group. B.
shows sha ft and sprigs or sparklers which indicate a high carbon content. D. shows shafts and
forks which indicate a low carbon content. The tests should be perfowmed in well-di ffused
daylight against an ordinary background. In all cases, it is advisable to use standard
samples of metals of known composition so that these sparks can be compared with the matérial

under test.

.
22 (/ L.

F v * . > - & . - ’ .
3 _ )
Warfning: Nonferrous met, - , _ ' o
can c¢log the wheel causing . T )
it to ovérheat and explode,
if test is not conducted g ’/y -
properly. . . .
Vs ) 7 ‘

N SN

)

~ .

p

_ L, _
Fig 1-5. Fundamental spark )orms.
of

a. Gray cast_iron. A small volume of dul red sparks, that follow a strafght 1ine will

formé close to the wheel. These break up into fine, repeated spurts, which change to -straw

col OK'

b. Malleablgfiron. +fhe outer bright layer gig'és bright sparks 1ike steel. HWhen the
interior 1s r , the sparks quickly change to & dull red- color near the wheel. These

., volume, , § e r -

. o .

. wrouﬁt'iron. Straw-colored sparks form near the grinding wheel, apdhlater' they
-\wnge to wh

orked,sparklers near the endof the stream.
/

. v "! - .
T [ v . . .

’ | \ | . ]_12 23 . /

1. o - . S,

| g
» sparks are mu¢ 1k$ those. from cast iron, but are somewhat longer and are present in I}frger '
. L : / -

w oA
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. d. Steel forgings. The sparks given out are long white streamers. Sparks from .- Ty
. high-carbon steel are whiter than those from low-carbon steel. ) : -

X €. Allo¥ steels. The various a]]oy steels producé characté‘istic sparks both in color

« and shape is enables a person, with practice, to identify many of the alloy steels. Some
"of the morbecommon metals used in al}oy steels and ,their effect "on the spark stream are ¢
described Below .
- . (1) Chromium. Steels containing 1% to 2% chromium have no outstanding features ih ‘the
Y spark test. Chromium in large "amounts shortens the length of the spark stream to
half of that produced by steel containing no chromium, without appreciably - .

affecting its brightness. _§teel containing W% chromium and no nickel produces
sparks similar to those giveh off by low-carbon steel, but shorter. An 18%
chromiym, 8% nickelsstainless steel alJoy produces a Spark similar to that of
. yprought iron, but only half as long. An 18% chromium, 2% carbon steel (chromium -
» die steel) produces a spark similar to that of carbon tool steel, but one-third as .
long.
(2) Manganese. Steels containing this element produce a sparF similar td" a carbon )
spark. A moderate increase in manganese increases the volume of the spark stream'”
and the intensity of the bursts. A steel containing more than a normal amount of.
manganese will.spark in a similar way as that of a high-carbon steel with a Tower.
mManganese content. For instance, a steel containing 0.55% carbon and no alloying
element will have the same spark characteristics as a steel containing 1.€0% to
1,90% manganese.
1 «
(3) Molybdenum. Molybdenum has an gmsdly recognizable spark. It appears as an orange .
spearhead on the end of every ‘carrier line. This element is used as an alloy in
) corijunction with nickel or chromium or both. - Its characteristic spark has-a
- detatched arrowhead similar to that of wrought iron. It can be seen in fairly
. strong carbon bursts. Molybdenum, ‘substituted for some of the tumgsten in
high-speed steel, causes the spark streams to turn’ orange

(4) N kel. Nickel gives a characteristic Spark identified by tiny blocks of
ant white lights. This characteristic spark from nickel steel may be the
‘ result of the suppressing effort of nickel on the carbon burst. This element is
recognized in SAE steels where the carbon content is low and the carbon sparks are
» not too prominent. ' The nickel spark is a short, sharply defined flash of
) brillfant 1light just before the formation of the fork. The nickel spark is
difficult to detect because some nickel-free steels have a similar, but more
rounded burst.
(%) Tungsten. This element is easy to detect. It imparts a dull red color to the
L spark stream near the wheel. It also shortens the spark stream and decreases the i -
' size of or completely eliminates the carbon burst. A tungsten steel containing’ o
o * about 10% of this element causes short, curved orange spear points at the ends of
the carrier lines of the.spark stream; a lower tungsten content causes small,
&» vhite spear points. The carrier lines may be dull red to orange, depending on

"/:QP other e_ements present and provided that the tungsten content is.not high.
' * 5 (6) Vanadium. The spark test is not conclusive in this element.. The detatched.
. arrow-heads at the ends of the carrlpr Tines are similar to those produced by
molybdenum steels. L
.k)J) f. Cpst steel. The.sparks are much brighter than those from cast iron. Manganese steel - ;
gives oft sparks fhat explode, throwing off brilliant sparklers at right angles to the .
original path of the spark. _ ‘ Yy
R X ‘ _ .
9. Aluminum. No sparks are given off. .
] “h. Aluminum bronzes. Mo sparks are given off.> .o ’ S U
T ’ /. . - h - : B ’ B
i. Copper. No sparks are,ngén of f. - . e
j. Lead. No sparks are given off. - '_ ._ T ~ ’

" k. Magnesiyn. Nplsparks are girsn off.

- 1. Monel metal. It produces short,. wavy, orange Streaks similar to those given off hy

‘f\
nickel. 7 . : . :
! ! ' wo ot - .
'm. White metal die castings. No sparks are given off. : ‘
™ - o S - \

24 . .
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EXERCISE: . * In. the space provided below, describe the grinding-vheel tesk. Check your
L response with the one listed at the end of this study unit.

T : : | ,

’

-~ ‘\’ : -
Work Unit 1-9. TORCH TEST OF METALS . \/ .

DESCRIBE THE TORCH TEST.

' Torch -test. Various metals can be identified by using an oxyacetylene torch and by -
7 " studying the behavior of the matal under the torch. A person may determine the type metal
. being tested by timing thhmﬂ ting rate, by watching the appearance of the molten metal and e
" slag, and.by observing colBr changes and other ‘manifestations developed by heat. A

a. Gray cast iron. A heavy, tough film formy on the surface ds it melts. The puddle is
quite depressed and very fluid. .when the torch flame is Paised, the depression in the surface
of the puddle disappears instantly. The molten, puddle solidifies slowly, and it does not give
off.sparks. : : . . T . .

W -~

——

b. Malleable iron. The molten metal boils under the torch flame. When the flame is
. withdrawn, the surface will be found full of blowholes. The melted part will cool to a
. substance very hard and brittle.” It is, in fact, white cast iron or chilled iron produced by .
the mel ting and comparatively rapid coofing‘. The outer steel-1ike shell will give off%parks
% under the torch, but the center portion will not. : : ¥

Ce Hr'ouggt iron. Wrought iron melts quickly, with a slight tenqénc_y to spark. The
melted iron has a peculiar slag with white lines and a greasy or 111y appearance. : /

d. Low-carbon steels. The steel gives off sparks when melted and, when the flame is
removed, solidi fies” aTmost instantly. . _ )

\

e. High-carbon steels. dhe mol ten~ metal 1s brighéer than molten low-carboa stael , and | ‘ o
_ thegmel ted surface has a cellular appearance. ' . : :
{ : j - * L] * ' - . ' . .. .
f.‘ Steel forgings. Steel forgl gs spark when melted. The gréater the carbon content, -
- the greater the number and brﬂHancx(s)f the sparks. ®
‘ . . y

- . ~y .
, g. Alloy steels. .Steels containimgla considerable quantity of chromium display a
greenish-colored siag on the weld or puddle when cold, .In general, the effects of the torch

test depend on the 'composition qf the alloy steel and must be determined by trial and
experience. " \ y o - .

h. Cast sge;gj_s‘. These steels spark when melted and solidify quickly. . = . .
- 1. Aluminum. Aluminum’ does not show red before melting. 1t holds its shape until almost |
mol ten and then collapses suddenly. A heavy coating of white oxide forms instantly on the
mol ten surface. T e S ' X L

J. Aluminum bronzes. The surface is qui ckly covered with a heavy scum which tends to mix
wiﬂ; the mol ten metal, and it is di fficult fo remove. Welding of these bronzes is extremely -
“di fficult. ' . : o ) e

. - ~ o : '
] - : - ‘ ;
- k. Brasses and hg‘onzesf' True brass contains zinc, which gives off white fumes wher

‘mel ted. ~Bronzes contain tin, w{ch increases fluidity. Some bronzes contain zinc and will &
fume, but not as ‘mich as brass. B : :
L 3

1. Copper. Because of {the heat-conducting properties of copper, a larger flame is . .
required fg produce fusion than the ona required for other metals. Copper melts suddenly and
sol1df fies -instantly. Copper alloys, containing smell amounts of other metal, melt more .
quickly and solidify more slowly. ‘ : - N

/,
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m. Lead. 1t melfs at a very low ~t:vamperiap,n'e. The mol ten metal hecomes covered with a
thin, dul¥ slag. - ARG : .

n. Magnesium. Magnesium oxidizes rapidly when Weated in the air to its melting point.
For thig reason, as a safety precautfon, this metal is melted in an atmosphere free from
oxygen. When heated in the open air, 1t producespan oxide film which is. highly refractory and
'lnso%ulﬂe in the 1iquid metal. . L /

0.> Monel metal.’ Monel flows clearly without any sparklers, and a heavy black scale forms
when -cooTing. - . : . : ' .

p. Mhite metal dle castings. The melting point is so low that the metal boils under the
torch, K T . ' . .

. . .
) - 4 N ~

N 7z EXERCISE:  In the space provided below, describe the torch test. Check your response against
the one listed at the end of this study unit.

.&‘

4
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Sectfon ITI.  HEAT-TREATMENT OF STEEL

Work Unit 1-10., HEAT-TREATING PURPOSES
b AN, ,
N *_FINE HEAT -TREATING.

When the conditions of heating and cooling a metal or an alloy in the solid state are ™~
controlled so that certain desired properties are developed, heat-treating is accomplished. ~
theh. metal 1s heated and cooled, structural changes take place. By controlling these '

" structural changes, the desired physical properties develop. The use to which a metal is to
be put determines the property it will require. A knife blade must be hard and capable of
keeping its sharp edge. A chain needs to be tough. The physical properties of metals, such '
as ductility, machfpability, toughness, hardness and tensile strength can be developed through -
heat-treating. Often one property must be sacrificed to gaim another. For example, the
harder a metal is made, the less ductile it will be. A material is heat-treated to improve it
for the service intended, or to put it Tn a condition sich will make a subsequent operation
such as machining, easier to perform. - X

* The reasons for heat-treating are as follows: P
a. Relleve stressés produced by forming or welding.
@‘)\ *b. Increase hardness an'fi ten§1‘le strength. _‘ . _ | b
_c. Develop ductility. ' |
"4 Induce toughness. . | T | -
“e. Ald mnchinabﬂit\y.‘

f.~ Increase wear resistance.

g. "A]ter elecfrica] prépert-ies.

h. Modify mgnetic properties.

1. Refine or coarsen grai;\ structurle.

j. Develop a more desirable grain structure..' . -

. . . N * . ° - .
k. Change the chemical composition of a steel surface as in casehardening.
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EXERCISE:  In the space provided below, define heat treating Check your response with the
one’ 1isted at the end of this ‘study-unit. W )

- .. ~
-~
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Work Unit 1-11. HEAT-TREATING STEPS™ , ' ’
LIsT THE THRPE STEPS TN THE HEAT- TREATING PROCESS OF METAL. .

’ - 1

TREATING PROCESS. . - .

a. General. The particular treating process to be used depends 8n the composition of the
metal and the property you want to develop. Seme processes-not only cause changes in chemical .
and physical properties, [they alter the surface composition of the metal as wel When there
+1s'no change in compositign, the heat-treating operation involves only neating and cooling, in
which the factdrs of time and temperature are most important. WVhen there is a change in i
¥ : ',composition,fthé’element surrounding-the metal during heating, or during heating and cooling, '
i is equally as important as time and temperature. Those factors nust be definitely fixed in
advance for the particular composition of the metal and the treatment involved. Methods of
_ treatment which cause nd change in composition are ‘true heat-treating operations. These aré .
normalizing, annealing, hardenin? and tempering. Carburizing, cyaniding, and nitriding, on
the other hand, effest a change in the composition of the metal near the surface, through its :
absorption of an element during the heat-treatment. Heat-treating must be done under :
controlled conditions, and an ~important factor to remember is that,- ih heat-treating steel,’it
should never be. heated .to a temperature close to the melting point. When this occurs, certain .
elements -in the metal are burped out (oxidized), and the steel <in this condition usually
cannot “be. restored by subsequent heat-treatment. This means that the time, temperature, and
manner of heating and cooling must be controlled. '

EEUES K

b. Heat- treating steps. Heat-treatment involves three steps: get the metal hot, hold
the heat and cooT t. . L
(1) Get the metal hot. Heating may be done in numerous ways, depending on the -
equipment avaiTable. .lLarge shops may have salt and lead baths, ,
controlled-atmosphere electric furnaces,«or induction furnaceg. A small shop such _
as the "village smithy" may have only a forge or a torch. On occasion, you may.be .
called upon to harden and temper a chisel with-ho means of applying heat other -
than an oxyacetylene welding torch; at other times you may have plenty of
-equipment.® In addition to your torch, you may have an oil-fired forgé, a
medium-temperature electric preheat furnace (annealing furnace), and ’ . .
high-temperature hardening furnace. Both of theizszurnaces are equipped with |

controllers, with which you can regulate the spee\gf heating and maintain any
desired temperature within.range of.the furnace n addition, these furnaces are _
equipped with a device for>controlling the atmosphere inside them. The controls - : ' ’
may be set for a specific atmosphere, such as carburizing, oxidizing,. or neutral;
which minimizes the possibility of scaling, decarburizihg, or burning of the metal.

< - (2) Hold the metal heat. .Did you_ ever notice what happens to a baked potato? It is
subjected to heat which warms the outside and then cooks through to the center,
changing the properties and cooking of the potato. In a similar manner, except
¢ _ " that 'the degree of heat may range as high as 2,4000F for some alloys, metal is
heated and brought to temperature in the heat- treating operation. The important :
point. to remember inheating is the uniformity with which the metal {s brought up . .
) . to temperature. Dongt forget that thin sections heat faster than thick ones, just
' . as little potatoes céok fasterythan big ones. When you use a salt or lead bath,
or an electric or oil-fired f#nace, you are assured of getting uniform heating.
If you don't have this equipment and have to rely on your torch, or at best a .
. - : forge, you'1l have to be careful that the stock is’ being heated uniformly. Just
SN . getting the metal hot, however, is not going to do the whole joh. Many operations \\
_ Eﬁ B in heat-treating specify that the temperature must be held constant for a
T . : specified length of time.  This is called holding or soakin? When you bake a - E
! “\g . potato, you can stick it with a fork toisee if, it is done all the way through. .
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If, it is not, yqu bake it-some more. Of course, you can't stick a fork in a piece of metal

.to see if it has heated through, so you havé to allow the necessary time for soaking after the 4

proper temperature has be®n reached. The metal is held at a constant temperature to insure an
even and uniform heat'throughout. The smaller the section of metal, the less time it will
take for the heat to soak through. The time recommended for soaking is 1 hour per inch of
cross section (thickness). . )

A3) Cool the metal. After you have brought your piece of metal to temperature and
heTd it at the temperature for the proper length of time, you are ready for the °
third important stepv-cooling. In all heat-treating operations, the first two
steps are identical. The third step, however, will be to cool the metal in a

.-*  quenching medium (such as brine) in a furnace. The results desired will determine
the method.. The time element then may vary from a few moments to 36 hours.

You may be raquested to heat- treat any metal or alloy, but the greater part of your
work-will probably be involved with the treatment of low-, medium-, and high-carbon steels.
These steels are bastcally alloys of iron and carbon plus a m1n1mum amount.of other elements.

“
EXERCISE: J. Answer the following questﬁons and check ‘your responses against those Iisted at
the end of this study unit,

-

1. List the_three stepS'in the heat-treating process of metal. - ' N

“

~

»
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The 'purpose of controIIing the t1me, temperature, and manner of heating and , ' /,/{
cooling is - : -

a. to make the metal harder.

by to prevent certain elements in the metal from becom1ng oxidized.
Y c. td induce malleability into the metal.

d. to prevent burning of the metal.

- > ’
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Work Unit 1-12. CRITICAL POINTS
R IDENTIFY THE CRITICAL POINT IN METAL.

Webster says that th€ word “cr1t1Ca1" 1nd1cates a crisis or turning point Throughout *
the heat-treatment of steel, as .well as of other metals and alloys, you will be face to face
with critical points and critical ranges

a., Critical point. In metal, this is the point at which the most radical changes occur
inside the metal. These changes are a result of heating. Each type of metal has*its own
critical foint. You will neeq a lot of experience as a heat-treater hefore you are able to
determine visually when a piece of metal reaches its critical point. You can be sure that
some metallurgical laboratory has determined the critical point for any metal that you will .
work on, and you can get the informatioﬁ'from a charf or -handbook..

£

» ©

b Critical range. This is a temperature range of from 500 ‘to IOOOF above the :
critical point. Temperatures required for all of the heat-treating processes fall within this
range. The critical range like the critical points for all metals, has been determined in a
laboratory and made available for your use in ‘charts and handbooks. Ypu won't be able to
heat-treat any odd piece of metal that you pick up around the shop until you can identify it. :
In order to heat-treat a metal, you must know its composition; then you can determine its " o
critical range from the necessary charts. Knowing its composition and its critical range, you ' ’
then get the desired property by the proper cooling or quenching metkod. It may be necessary _ -
to treat some tools or machinery parts several times before they are finally completed. For
example, you must first soften (anneal) a.chisel that 'has heen'in service and has been ) , .
returned to the metal shop for reforging and heat-tredting. After forging and rough- grinding ‘
the chisel, you will then have to harden it and finally draw it to the proper temper\\
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c. Color change. Although it is well to know what goes on inside a piece of steel while
1t is undergoing heat-treatment, you will be more concerned with the changes that you can
see. Color change 1s one of the most apparent changes. As heat is applied uniformly to a
. bright piece of steel, no color change fis apparent until a temperature of the 4000F is ,)
> reached. At that point a faint straw color agpears on the surface. As you continue to apply
- heat, you will notice various surface color changes. These continue as the heat increases and
indicate the degree of toughness and hardness reached'in the metal. Here 1s an experiment
that will make you a bit more familiar with the cqlor changes that occur as steel heats. Cut
a piece of cold-rolled bar stocky2 by 1 by 3/16 inches. 1f the plece is not available,
brighten a piece of strap iron of approximately the same dimensions on an emery wheel. Be .
certain that the surface s bright and clean. MNow, heat a fire brick in your forge for about -
5 minutes. Place your test piece, bright side up, on the brick. Watch {t carefu ly. As the
heat radiates from the brick to the metal, the color of the metal will change--first a pale. ~
straw, and then on up to and through a 1ight blue. As the metal absorbs more heat, the light
blue fades out and no celor is visible. As more heat is applied, your test piece will ®
continue to change color. If ygy,are in a shop that is not equipped with a heat-treating
furnace with controllers, colorwill be the only method you will ave to determine ,the
temperature of the metal you-are treating. Practice wil]l make you good at estimating
v temperatures. Color is a rough estimate at best, but you will have plenty of chances to use
this knowledge and experience in times of emérgency. Another visual change which you will
observe when the piece reaches a temperature near 1,6000F {s scaling. Scale is identical.to c
~ rust. You have seen sgrag iron that has been exposed to the.weather for lang periods of time,
- u

and you have noticed its burned, crurbling appearance. This is an example of oxidation. : *
- Scaling is-the same thing--the difference {s that it occurs faster than ordinary rusting. At
' high temperatures, the rusting or oxidizing process.is greatly accelerated. . " ' (;

d. Internal change. While the surface appearance changes, internal chang;e are also . -
taking place. IT you could see your piece of soft 0.43% carbon steel under a rilfcroscope,
which enlarges the view of the section on a thousand times, it would look )ike the view shown
(" in figure 1-6. MNow, if that same piece of steel had been heat-treated--and you could get a
100k at it through the microscope, you would observe considerable change in the grain
structure (fig 1-7). Another characteristic of the internal change in metal is grain growth.
If you could observe a piece of 0.83% carbon steel during heating, you would observe that the ,
grain size 1s smallest at about 1,3000F or Jjust as it reaches its critical-point. The : - § _
higher tie steel is heated abgve this temperature, the more the grain will grow in size. In -
all your work as a practical heat-treater, your greatest concern will be the critical point of
the metal or alloy you are treating. You must know the critical point and the alloying
ingredients before you start any heat-treating .operation. Additional information covering

heat-treating for most metals is given in figurd 1-8." If yod have specia] steels or alloys to '
treat, a letter to the manufacturer will bring you all the infornation that you need. *\,‘*
3 . )
7 \ ’

I
(;
AR Fig'T;G. Microscopic wiew of soft (unhardened) .
: , . 0.43% carbon dteel magnified 1,000 times.
‘ 3 v,
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Fig 1-7. Hicro;copic view of "hardéned 0.43% carbop
steel not témpered. _
? 2
. _
R Motal A.‘!llln..l.llp Cooling p;v_'r;cn lfﬂ‘)(-nlu wmp Quenching mo;llum
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Castirons. . .. ... $1°-100* sbove Slow, . . . ... I A UL
Migh-apoed steel . . . :"l‘(:;'.}l'.::’o‘ e ...  slowto” et | 2asee-nasee. .. | on —
, . 1,000°  1,800°F
« : Fig 1-8. Primary heat-trea"ti ng hints.
EXERCISE: Answer the following questions and check your trgsponses with those 1isted at the
. end of this study unit. Lo !
3
T.. The most radical changes occur inside the metal at tho “
‘a. ,critical point. ¢. internal change.
b. critical range. . d. 1,100° point..
2. The critical range is the temperature range of to degrees
b ~ above the critical point. ,
‘a.-zo,so . c. 50, 100
b. 50, 7% ' . d. 50, 150
3. Color changes become apparent ’_l‘n me a tmperature of ak)out
a. 2000, , | |
howoo. ;&o
4, wi\eat -treating metal, three changes td:e place; appearance, grain structure, %
- ' ) . ”\ “ .
v ' : "
. Mork»Unit-1-13. FORMS OF HEAT-TREATMENT N T
.'—\ ’ .
MATCH' THE FIVE MOST COMMON FORMS OF HEAT-TREATMENT WITH THEIR CORRECT DEFINITION_SB.
The most common forms of heat-treating ferrous metals are annealing, normalizing, |
hnrdening, tempering, and casehardening.
o ' v I N
’(; . ‘ - . S - . » . .
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a. Annealing is used to reduce stresses, induce softness, change ductility, or improve *
grain structure. The greatest softness you oan‘get in metal results fr§m heating it to a .
point above the critical temperature, holding it at this temperature until the grain structure
- has been refined, and then cooling 4t slowly. The most important step in annealing is to . -
raise the temperature of the metal to the critical point, as this will remove any hardness ’
that may exist. Any strafhs that may have been set by previpus heat-treatment will be ———
eli{ninated when you have heated the metal to its critical point and restored it to its lowest
hardness by slow cooling. Steel is usually annealed to increase its ductility, to refine the
crystalline structure, and to remove stresses. Ductility s increased by decreasing hardness
-« and brittieness.- In other words, when steel ‘s made softer, it is more workable. You can
also alter other physical properties of a piece of steel, such as its magnetism or electric
conductivtt{, by anmealing. Refining the crystalline structure of steel simply means changing
v the internal structure by a process of heating and cooling in such a manner as to remove any
" Stresses or strains that may have been set up by cold-working, forging, welding, or usage.
Remember that in annealing, as in all heat-treatment, the temperature of the operation and the
rate of cooling depending on the material that you are treating and’the purpose for which you
are treating., If youy have heat-treating equipment, the process'of annealing can be done with
accuracy. Just check the chart for the critical point of the pe"ent carbon steel you are
. about to work. Heat it slowly in a furpace to a temperature 500F above the critical range.
’ Hold (3qak) the” piece long enough to insure uniform temperature throughout--about 1 hour for
each inch.of sectional thickness (small tools require only 30 min). Now, assuming that you
have heated the part to be annealed to the proper temperature, you will have to decide on a
method for cooling. .If you want a full anneal, that s, if you want the ptece to be as soft
as possibTe, seal the piece in the furnace and allow 1t to cool down to room temperature in . )
. the furnace. Thas may take 24 to 36 hours. The other method that is commonly used s called ;
packing. To pack, remove the piece from:the furnace, being careful to avoid drafts, and bury
it in an annealing box (fig 1-9) filled with a!‘estos or slacked 1ime, making sure that you
leave the piece completely covered 16 to 24 hou s, depending on its size. -Be sure that the
material in your annealing box is perfectly dry. To avoid scaling or decarburizing (burning),
you may have to use the box-annealing (pack-annealing) method for some materials. -~ In this-
method, place the piece to be annealed in a metal box. Completely surround the metal with
cast-iron chips and seal the box with fire clay. Place the box in the furnace, heat, hold,
and allow it to cqo? in the sealed furnace as previously described for steel. This method 'is .
used when surface finish {s fmportant. ‘You may not be fortunate ehough to have an annealing £
furnace. If %0, you will have to use 'a forge or a torch for annealing. The operation is the
same, but you will have to exercise a lot more caution in heating holding. On a furnace, when
you set the controller it insures the correct temperature. HWith a forge or torch you are .the v
controller. You must be especially careful to avoid overheating the metal since, S causes - .
increased grain size and there is danger of burning the metal and decarburizing the surface.
You must have everything ready to make:the transfer from .the forge to the annealing box. Make -
- the transfer as quickly as possible, avoiding drafts of air which cause uneven cooling that
results in warpage, strains, and fractures. -

k] v -
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Although most often called upon to treat steel, you will occasiomally have to treat other
materfal. Other alloys require different annealing operations. An outstanding example of an
alloy that requires an entirely different treatment for annealing is duralumin. Buralumin is
composed of 94% aluminum, 4% copger. and approximately 1% eachh of magnesium and manganese.
This alloy is annealed by first eatin? it to 986°F -and then &ooling it rapidly by quenching
in water. For a perfod of 45.minutes 1t is in a plastic condition and can be bent, rolled,
and worked cold. Beyond this interval, 1t becomes hard and cannot he further worked without
repeating the heat-treatment. This example emphasizes the need for thoroughly knowing the
material you are treating. Annealing is a frequent and important process for softening
nonferrous alloys and pure metals after they have been hardened by cola work. Annealing
restores the ductility, relieves internal stresses, controls grain size and, in the case of
copper and aluminum, restores electrical ‘conductivity. Following is a 1ist of the more common
metals with {nstructions for annealing each: : N

Copper: ~ Heat. to 9250F. Quench in water. Temperatures as low as 5000F relieve
most stresses and strains. : :

Aluminum: Heat to 7500F. Cool in open air. Reduces hardness and strength, but
Tncreases electrical conductivity, ,

Zinc: Heat to 400F. Cool in open, still air.

Brass: Annealing to relieve stress may be accomplished at a temperature as low as

_ BOUYF. Fuller anneals may be accompl ished with increased temperatures. Lajger
grain size and loss of sitrength WHF result from too-high temperatures. Dinot anneal
at temperatures exceediny 1,3000F. Brass should be cooled room temperatire
stowly. Either wrap the part with asbestos cloth or bury it in slaked lime or other
heat-retarding material. :

Bronze: Heat to 1,400°F.\ Cool in open furnace to 5000F or place it in'a pan to -
avoid umeven cooling caused by drafts.. - .

Nickel-copper alloys, including monel: Heat to hetween 1,400 and 1,4500F. Cool
by quenching 1t Tn water or oil. . v X

Nickel-molybdenfum-iron and nickel-molybdenum-chromium=iron alloys (known commercially
as steliite): Heat to 7,T00PF. Hold at this temperature a sultable time, depending
on thickness, followed by rapid cooling in a quenching medium. :

Staifless steel (Cr 18% Ni 8%):° For full anneal, heat it to 2,0000 - 2,200°F.
Cool rapidly for partial._anneal, heat to 1,6000_ -1,7000F, ;f;*)»,

. P4 } . .
Stainless steel (Cr 25% Nt 20%): Heat to 2,0000 - 2,1000F. D not soak.. Cool it
. Tn stivt alr. : :

Stainless steel (Cr 8.5% Ni 22%): Heat to 1,6500 - 1,7509F. Do not soak. Cool
Tt sTovly to room tempenature. ' :

Cast iron: Heat sloyily'to 8000 - 1,3000F, depending on composition. Hold at .
temperature for 30 minutes. - Cool s,,Iow]y in furnace annealing box. )

Ask yourself these questions hefore you begin any annealing.

(1) Which metal or alloy do I have to treat? ‘ | - ) .
(2) what 1s its critical point? '

' . . M .
(3) Am 1 annealing to relieve stress, to aid machining, .or to alter magnetic or o

7 electrical properties? .
(4) Which upper temperature shall I ‘use?

(5) How lTong shall I "hold" at the upper Qempérature? .

"(6) Which method and rate of cooling shall I use?

then you have answered these questions and have made all preparations, you are’ ready for the
annealing operation. : ‘ N

<
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" b. Normalizing. Normalizing invglves a slightly di fferent heat;%reatment than for
. “annealing, but Tt may be classed as a¥form of anneating. It is a process whereby iron-base
metals are heated above their critical temperatures to get a better solubility of carbon in
the iron, followed by cooling in still airfe The process removes all strains' due to machining,
forging, hending, and welding. You can process normalizing omly with a good furnace where the
temperatures and atmosphere can be closely regulated and held constant thyoughout the entire °
operation. Reducing atmosphere will normalize metal with a very small amount of oxide scale;
but an oxidizing atmo$phere will leave the meta) heavilty coated with scale. This outside
scale will prevent outside hardness in any other hardening process.. The term
" “decarburization". 1s used to describe the surface condition of metal when 1t has had a por tion
. of the-carbon content of the surface burn® out. Remember that a plece of stéel designed for
a particular job will have to he machined to certain dimensions. The machining must remove
all of the decarburized surface from the plece without reducing 1t to less than the required
. dimensions, Always select an oversize plece of metal which will allow for this machining.
This extra metal is called an "allowable tolerance.” Remember that you can control this
\ burning or decarburization considerably by the use of neutral &r slightly carburizing
atmospheres in the- furnace. IF you have an ollfired forge instead of the latest thing in
heat-treating furnaces to work with, be sure that you do not have an excessive blast of air
going into the firebox. You -may have ohly a ml tiple-tip torch. If so, you.then must .
exercise great care to"avoid decarburization. Some alloys, such as the chromium types, are’ -
normalized prior to the regular heat-treatment operation. Normalizing softens steel somewhat,
but 1t does not affect {ts strength to any great extent. The precqutions applicable to
annealing also apply to normalfzing. These are the steps’ to he remembered:

e t1) Heat the piece to be normalized to a temperature of 500 to 1009F ahove its

critical point. ) .

. .~ - ) !

(2) Hold the plece at this point until the heat has had time to soak through to the -

center of the section. Avoid prolonged soaking of the metal at high temperatures,
as this will cause the grain structurdlto enlarge. <0

{3) Remove from the furnace and cool in still air. Avoid drafts; they fause tineven
cooling whgch in turn causei/strains in metal. -
. - - A i ‘

c. Hardening. - _ .. -

(1) Heat control. Hardening of metals and.alloys can be done in several ways. Copper
s hardened by rolling or working, but steel. requires a“di fferent process. To
harden -steel, you must heat the metal to a 1ittle more than its critical .
temperature, -then cool 1t raptdly by quenching it in oi1, water,.or brine. The
treatment gives the steel a fine grain structure, extreme hardness, greater
tensile strength, and less ductility. Steel, after being hardened, is generally
too brittle for mst practical uses, although this treatment is the first.step 1n
the production of high-strength steel. To harden steel successfully, you must:
v (a) Control the rate of heating to prevent cracking o@'tﬁick‘and irregular

. 4) sections. - ‘ . 4 «//

(b) Heat thoroughly to correct hardening temperatu;é? Soak time required debends
on the size of- section of mety being treated. : .

. (c) Control furnace atmosphere which 1s required, in certain steels; to prevent .
scaling and decarburization. _ i . ‘

) _ (d) Use suitahle quenching media. Quenching medium must have the corre¢t heat "
. capacity, viscosity, -and tanperagure to ‘obtain adequate hardening without
cracking. : : '

Most of your ‘work in hardening is employed in carbon tool steels. These steels
contain from 0.7% to 1.5% carbon. The treatment of all steels im this class 1s
the same except for the variation in critical point. The.critical point in
hardening, as 1n all heat—treating, determines ,the temperature to whfch the steel

mst be heated.. Ordinary carbon steels are heated to between 1,3500-and

: 1,500F. These steels are supplied in the unhardened condition, in various .
A . sizes and shapes, such as rods and bars. They can easily be shaped into the . e
o desired form by forging or machining. Tn {its “unhardened state, tool steel 1s‘of N

; v1ittle value, but when 1t is:properly hardened and tempered, it takes on
properties that enable it to cut other metals.. The common cold chisel s a tool
thal demonstrates the properties of hardress and-toughness that can be developed .
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in carbon steel through hardening and tempering treatments. Carbon tool-steel is
hardened by, slow heating to a temperature of 500 to 1000F above the critical -
temperature and sudden cooling by quenching in water or oil. Remember that the
critical points of steel vary with the alloying ipgredients. In carbon tool
steel, the higher the carbon content of the steel, the 1ower the critical point.

Ouenching. This is a process of which heated metal {is rapidly cooled by placing
It in water, oil, or Some other quenching medium. Any so ution used for cooling
metal in the heat-treating process 1% referred to as a quenching medium. A number
of 1iquids may be used for/quenching steel. Both the quenching medium and the .
form of the bath depend largely on the nature of the work to be cooled. It is
important that you have enough of the medium to cool the metal without changing
the temperature of the hath. This is especially important when you have a number
of pieces to 3:ench, one after the ogher. It is hard to keep steel from wirping
and cracking during the quenching process since certain parts ofg.the metal cool
more rapidly than others. When the change in temperature is-not uniform, internal
strains which my be sufficient to cause warpage or cracking are set up. 0dd or
irregularly shaped pigces are more 1ikely to be affected by internal strains than
are even sections. Forgin? and machining may also set up internal strains in
steel parts; therefore it 1s advisable to normalize, these articles before
attempting to harden them. To reduee the tendency of steel parts to warp, you
thould pay attention to the following recommendations: ,

- Dip the article to be quenched into the bath. Never throw 1t in or allow it

(3)

to 1ie on the bottom of the bath. If you let the part 1ie on the bottom of
the bath, it is 1iable to cool faster on the top than on the bottom, thus
causing it to warp or crack? .

* Don't allow the part you quench to remain motionless in the bath as the

- heat will cause a coating of vapor to be formed around the part vhich wil
prevent 1t from cooling rapidly.  Keep moving it. The stirring allows the
bath to convey the heat to the atmosphere.

* Quench'the p1ece'so that a11~-of its parts will be cooled uniformly and
' with the least possible distortion. Quench these parts as a gear wheel or
shaft in a vertical position. ‘ ’

- *  Dip or immerse odd-shaped steel parts-so that the thickest section will
; enter the bath first. . '

Quénching media. TCon"mom% used quenching media are fresh water, 'salt water
{brTne), and of1 (fig 1-10). . :

" *

la) Nater. This'is often used as a quenching medium. It is not ideal, however,
because of the bubbles which form on the surface of the tool or part being
quenched, especially in holes or recesses. These bubbles retard the cooling
process and cause soft spots which are 1ikely to weaken the steel. If you do
not use water, be sure to keep moving the object being quenched to avoid, as
mich as possible the formation of gas around the metal part. Keep the water
bath at about 700, Extremely cold water might wirp or crack the steel;
water above 700 will not produce the required hardness. :

. o Y o//
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(b) Sal water brine% This mediul(1s mich better to be used as a quenching bath
. When the brine is quiet-(not in mottep), it 1s referred to
- as stﬂl brine. . Tbe most satisfactory brine bath is m by dissolving
ordinary salt in the water inti1 & 5% to 10% solution 1% obtained. The salt
in the water causes the water to "take held" and wet the heated steel tool or
the part evenly. This wetting causes the quenching to proceed uniforimly.
Brine a1s¢ “throws scale” better and usually gives you a cleaner tool or part.
) (c) 011. 011 is slower acting‘than water, and it is, therefore better for
quenching heated steel, because its s1ower action greatly reduces the tendency
of the steel to warr or.crack vhen quenched. Unfortunately though, parts made
of high-carbon steel will not develop their greatest possible hardness when
?ucm:hod in of1 unless they are quite thin. It is best to use, however, since
t will produce the required hardness. 011 quenches should have a high
flnhpoint,. Tow viscosity, andfa constant comp8%¥ition. They shoy1d be kept at
mperltures of 1400 to 160°F . '

(4) mchinq bgai Agitat:ors my be used to keep the quenching media circulating, or
mey gned for continuous Clrculation by means of a circulating pump.

You wﬂ{ havé Yo keep your bath at the proper temperature by the best means at
your disposal. For exmme 1f your quenching-bath is too cool, you can heat it
with hot pleces of scra th wti1 the proper temperature is reached. Here are
& few points that you ou1d keep 1n mind:

- * The quenching rate of the medium drqvps as 1ts temperature rises.

*  Near the boiling point, the quenching medium has less ‘than 10% of the
quenching rate, or the abﬂity to cool, than it has at 680F.

* More*heat will be driven awpay 1f the plece is kept moving ab’ut in the bath
This dispel of heat is called heat disSipation. o
Some iron a11oys are gassed as water-hardening, others as oil-hardening. Some
high-speed steels are called air-harﬁening. Again, as in ‘any phase of heat-treat-
ing, you must know just what kind of metal or alloy you are workihg with.. If you

\ make the mistake of quenching an of1-hardening tool in water,. -yout are liahle to
crack the tool. Water's faster rate of Cpoling is too harsh and abrupt for alloys
\ _ classed as oil-hardening metals. P1a1n carbon steels have a high rate of cooling,

therefore cooHn? by quenching can't be too fast for them. -Additions of alloying
elements to steels r/their critical cooling rate, and thereby require the use
of a quenching medfm at has a slower cooling rate. If there is any douwbt in
your mind about the method of heating and cooling required for a particular plece
of metal, your best solution is to obtain the stock number for that particular
piece of meta1 . From the stock number, you can find the Navy specifications for
that stock. The specifications will give you the information that you need about
the alloying elements and tensile strength of the metal. From this information

-~ you can judge the critical temperatures and the best method for heating and *

cooling by comparing the metal in question with another metal for which you know
the per treatment. Hardness, distortion, and Internal stresses are all results
of the cooling rate. O011s, therefore, produce less distortion and fewer stresses

“:;, in steel than other quenching media. Mineral oils are generally -used f
quenching, as they are less expensive than other.oils. Also they are ofj more
stable hature than other oils; that is, they are not subject to decomposTtion.

d. Tempering. _ o

(1) Drawing. This is a process which is generally applied to steel to relieve the
strains that are brought about during the hardening process. Drawimg is done by
‘hating the hardened steel to a temperature below the critical range, holding this

. ature for sufficient time for it to completely penetrate the piece, and then

a coo ing in water, oi1, or air. In this process, as in the other. heat-treating

processes, as you gain one property you lose others. For example, in tempering,
you improve the ducti)ity and toughness, but at the same time, you.loose some of '
the tensile strength, yield strength, anq hardness.:” The temperature to which you
will reheat hardened steel is dete‘rmined by the degree of hardness and toughness
'desfred. The tempering range is from 4000F to a point just below the critical
' point. The upper temperature is usuanz about 1,0000F, Tools designed to have
" o cutting edges are not above 6000 to 7000F. A fﬂe is a cutting tool which may
. be very hard and brittle. Since 1t receives 1ittle shock or pressure, brittleness
/ . a : ~ .
\
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> is no disadvantage. A chisel, on the other hand, 1s subjected to tremendous
shock, therefore must be tough, not brittle, and jts head must be soft to receh{e

th b{ows. By trial you will soon learn the deqr“ee of head to which a tool mus

be tempered. You can be guided by figure 1-11, which gives the tempering heats

for various tools in degrees Fguhrenheit. . .

Qggreﬁr ahrenheit Tool

400% L L e e e Hammer faces, machine cutting tools
460° . . . . .. / ............ Taps and dies

4800 _ . .. Lo Punches, reamers, dies, knives

N 800° . L L Twist drills

520 ... ... e e e e e e e Driftpine, punches'

S40% . L L L L Cold chisols

' . ! 550° . ... ... N . Screwdrivers, apringe

3

' y o Fig 1-11.  Temperatures for tempering various tools.

) ' . T
(a) Again there-is-the problem of controlling t?e heat. In drawing, it is the ~ 0!
tempering or reheat temperature. If you have a tempering furface you ont
ave to set the contirol1ing devices. If you don't, you must improvise and
complete the hardening and tempering treatment as best you can. Several . 7
x methods of-reheating are possible in any sort of shop setup. You mst.Psqf
whatyyou have. One method {s the use of. firebrick. You used it to rimiout
the heat color earlier in this chapter. The heat colors will be your only
guide to temperature when you use reheat methods of this type.  Another good
“viay of reheating for tempering 1s showm in figure 1-12. -~ '

N

X4

\ (b) You have a metal box filled with sand. The sourcewof hez\F 1s an oxyacetylene
: or other type of torch. The hardened tool, in this case d center punch, must
~ have a bright clean surface or the heat colors won't indicate the true .
hempera'wv’:g. First, rub the tapered end of the punch briskly with emery cloth
until it is bright and clean. Then insert it in the hot.sand, head down. The
heat of the sand is absorbed by the head-end of the tool and ‘travels up to the
point by conduction. .As more and more heat is absorbed by the tool, the point
gets hotter./ You wil) notice the color change on the brightly polished end.
bhen the desired temperature is reached, the color indicating the temperature
appears on the point of the tool. This temperfture should be 4000 to
6000F or as indicated by a deep straw color. Now, with a pair of pickup
" tongs, remove the punch and quench 1t to prevent more than the desired amount
; P of heat from reaching the point. Because of the varying amounts of heat that
' - have heen attaiped in the tool from head to point, a varying degree of
" hardness will be present in the tool; the point will be hard and capable of
penetrating metals, the shank will be tough, and the head will be soft enough .
to withstand the continued blows of a hammer. o ‘

o’ » a ‘

NY

sand

. y |

1

4 _ Fig 1-12. A method of reheating for tempering chisels, punches, etc.

gas burners
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» (c) Another common method employs chisels. Bring the temperature of 2 1/2 or 3
inches of the cutting edge of the tool up to the hardening point. Quench the
t tool by plunging about 1 1/2 or 2 inches of the heated end into the quenching .
medium and j?gg”ng it rapidly in an up-and-down ,and forward-and-backward
motioh being sure to keep the point immersed 1/2 ipch in the quenching tank at
all times (fig 1-13).

Co

(d) When the metal is cooled to A blach\ heat (9000 to 950YF), remove the tool
A from the quench tank, quickly polisfk the tapered end with an emery board, and
watch the temper .color "run out" unt\l the desired color appears (usually a
dark blue). " Quench the entire tool stop further heat of the cutting\edge.

(e) It is well ‘to remember that every chisel you see is not a wat&rzhardened
chisel. Many arle manufactured from special alloys and are ofl-hardened. Most
chisels of this type have directions for treating stamped on the shank as ‘
follows: 1,350 W 400 -or 1,600 0. The first means to heat to 1,3500F,
quench .in water and temper at 4000F. The second means heat to 1,6000F
and quench in ofl.- It 1sn't necessary to .temper such ol, as it is a
special alloy. Other alloy chisels will have different directions stamped on
the shank, vhich is another reason vhy you should pay attention tb the rule

. ) "Know the metal you are working." Generally it is safe to assume that an
“ unmarked chis¢l is a carbon steel wgter-hardened tool, but ‘give 1t a spark
> test to identify it. L. . : NS . .
(f) Equipment for quenching baths consists of tanks, circuﬁting pumps,pand <
coolers. Tanks must be large enough to allow the 1iqaids to remain at about
o . oom temperature. If you do a lot of quenching, you will probably have
oA - circulating pumps and coolers to keep fairly constant temperatures.

(2) TouFening. ;l'he" only di fference t;etoeen this o[;eration and tempering is that. .
Igher drawing {reheat) temperatures are used (700° to 133000F) in
toughening. This operation 15 used vhen the property of hardness is unimportant

- and shock resistance and toughness are desired.” . “

e. Case Hardening " e

(1) This process consists of causing the surfike of a piece of steel to absorb
carbon. A thin shell having the propert of tool steel is formed upon the
surface of the plece. The case or shell tan be hardened by heating and quenching
as though it were tool steel. Only the case, vhich has a high-carbon content,
becomes hard, while the core remains soft, tough, and ductile. The case can be
var1%~ in depth from a few thousandths of an” inch to an eighth of an “inch or more,
.depenliing upon the process used. . :

. 2 «
(2) Several processes are available for adding carbon to the surface of steel. In the
pack hardenipg process, the parts are packed in charred bone or charred leather in
a closed iron container and heated for a considerable time in a forge or furnace.
The longer- the time, the deeper the case. In the cyanide process, the parts are
o heated in a bath of molten potassium cyanide. Since cyanide' is one of the most
dangerous poisons known, it should never be attempted except under expert
supervision. The oxyacefylene flame, adjusted to give a carburizing mixture, can
also be used to increase the carbon tontent in a’ thin layer on the steel surface.

(3) The nitrogen case hardening process, which is known as nitriding, consists in
. C . subjecting the machined and generally heat-treated materfals to the action of a
N .o nitrogenous substance; commonly ammonia gas, under certain conditions thereby, :
R - ' surface hardness .ig imparted to the material without any fi:rther-t\reatment. o
- \

-
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EXERCISE: Match the forms of heat-treating one through five, in cotumn 1 with their corrgéf

definitions, "a" ‘through “e", in column 2. , '
Column 1 _ : “Column 2
. : . -~ Y
1. Annealing : . a. Gives steel a fine grain structure,
2. Normalizing o v o extreme hardness, greater tensile strength,
- 3. Hardening ! and less ductility. oo
4. Tempering b. Iron base metal 1is heated above ifs «
5. Casehardening , . _ critical range and cooled in still air.
' €. Is used to reducé stress, induce softness:, °
change ductility, or improve grain
© structure. , < '
d. Causes the surface of a piece of steel to
v . absorb carbon: . :
. . @4, Heats steel to a tempgrature helow
: critical range, holding until heat
h A _ penetrates completelys and cool ing in
(/ vater, 6117 or atr. ' . :
"Work Unit 1-14. HEAT-TREATING EOUIPMENT . k . -

IDENTIFY THE THREE JYPES OF HEAT-TREATING FURNACES.

. Equipment needed for heat-treéating consists of a suitable means for bringing .the metal .
to the required temperature, a temperature-measuring device, and a quenching medium. Heat may e
be supplied by a forge or welding torch; however, you will do the job a lot easfer and hetter
1f you have a heat-treating furnace' to work with. .-
- “ -

Furnaces. The equipment that you have will determine ’;he manner in vhich you perform ¥
the various heat-treating operations. Your method of temperature control will greatly
¥nfluence the results you dbtain. The more rigidly you can maintain control, the more uniform .
your work will be. You probably won't have the most modern equipment to work with and may * .
have to depend on your eye to judge heat. Supprisingly good work' is done hy experienced : ,
heat-treaters using the»dye of judgement." With sufficient experience, you too* can -become ’
adept at this method of determining” temperature. ’ T ) .

a. 0i1-fired and gas-fired furnaces. These' agg constructed so that he firebox is . . ‘

enclosed Tn a casTng of steel plates electrically welded together and mounted on a steel . ) -

" frame. The lining of the furpace is Made of firebrick, ioitaned by a couple inches of

= magnesfa.” The magnesia lets the firebrick expand without anger of damaging the steel _
casing. The heating chamber is made of semirefactory brick, which alte#s for quick heating. §
The hearth plates are usually made of heat-resisting alloy with suitable flangés for holding ' = .~
the work in place. Furnaces are made to keep the same temperature throughout ali parts of the o
heating chamber. ' L — . ,
b. Electrically heated fur"nace. This has the advantage of being -quiet, clean, and ’ .o
constant 1n operation. The heating element of an electric furnace will be efther of the metal ¥
or carbon-resistor type. Metal resistors are used where temperatures don't go over ' s

2,0000F. Carbon resistors are used for higher témperatures. Most §hops have two furnaces.
One is for low-temperature operation, where most heat-treatment can be done; and the other,
~although smaller in size, is a higher temperature furnace. 1t is capable of the high
temperatures necessary for some of the high-speed and special alloy steels..

c. Bath furnace, This is often used for sm11 parts that have been machine-finished and
have to he heat-treated. Parts that are too large :to.be treated in a closed furnace may be
treated in a hath furnace. A bath furnace 1s simply a mel ting pot filled with molten salt,
lead, or oi1, and surrounded by firebrick. The bath is kept at the required temperatures hy
means of electrical resistors. Figure 1-14 is a schematic drawing of a bath furnace., &

¢
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© EXERCISE:

_ pgacured'for any temperature range. However, it is wel
!‘ -

“Answer the following questions and check your,resp;;;és\ggiiysf those listed at

" AUTOMATIC TEMPERATURE CONTROL

. o PYROMETER.
. THERMQCOUPRE. - . @

CONTROL SWITCH-

.'CRUC"iE\T\\- | v )

ammi) £ (0

3,
g

' Fig 1-14. Salt bath furnace.
¢ i

Lead and oil-bath furnaces are principally for temperin?, while salts may be
-to remember that

temperature tempering salts are not capable of withstanding temperatures
needed for high-al steel hardening. Parts heated in the salt bath are free of
scaling, but you should be very careful to remove all traces of the salt after the
treatment. B ) o N
Generally, shops equipped with salt bath furnaces will have three furnaces in
addition to the lower heat temperature baths that may be available. The

_temperature ranges for the three baths will be as follows: 1,0000 to 1,5500F ;

1,4500 to 1,9500F; and 1,8000 to 2,35Q0F. Considerably less time is :
required for heating with the bath furBaces than is required when heating with air

furnaces. When the salt bath furnace is used, the. entire piece is.immersed in the

solution. This excludes air from the piece so-that no scaling can occur, ‘and thg
piece will be bright and clean. | o P - .

1

the end of this study unit. T

AJ1 the ones listed bellow are.types of heat-treating furnaces, EXCEPT
- furnace, . :
" a. 0fl and gas fired -+ ¢. electrically heated :

b, coa] fired

d. bath .
The best way of heat-treating metal is with a

c. welding to;ch.

a. forge;
cutting torch.

b. furnace. _ \ d.
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Work Unit 1-15. THE PYROMETER . R
IDENTIFY THE DEVICE USED TO MEASURE THE TEMPERATURE IN THE HEAT-TREATING PROCESS.

Measuring devices. The device for measuring and controlling temperature are very
fmportant. ~ Temperature variation of a few degrees my serfously affect the physical ™
properties of the metal you are working. In order to get good results, you should use a~ -
thermoelectric {nstrument known as a pyrometer to measure the temperatyre of the metal heing
heated. . . . ' ' .

- ~

+ . a. Apyrometer (fig 1-15) consists of a thermocouple, yxtension leads, and a meter. It
works as follows: IT you twist or weld two wires of di fferent metals together and heat them,
you will generate. electromotive force or voltage. You can measure this vol tage by connecting : _
the cold ends of the wire to a galvanometer that 1s sensitive enough to read thousandths of a _ h
volt. At this point mathematics 1s useful. The voltage that you have measured is _
proportional to the di fference in temperature between the hot and cold ends. In other words,
the hotter the wires get, the more voltage 1s generated. Since -the pyrometer has been marked
off in degrees instead of electrical units, it measures heat.

b. The thermcou?le used in pyrometers for measuring temperatures up to 2,0000F {s
generally of lower priced iron; copper, nickel, or chromium. The more expensive ones of
. platinum and rare metal combinations may be used to measure a ten%_rature up to 3,0000F,
TN The thermocouple is the portion of .the pyrometer that is inserted In the hgat-treating oven to
: meas;:re temperature. In bath furnaces, thé thermocouple is inserted in th'eiim! ten solution
itself. . ' .

c. Alloy extension leads are made of the same material as the thermocouple. In effect,
you might consideir the thermocouple as extending from the furnace to the méter. By the use of
leads, you can put the meter far enough away from.the furnace so that: the cold ends won't be
affected by the sudden changes in temperature. These leads are carrifed in parallel and are
covered with heat-resisting i{psulation.

_ THERMOCOUPLE
(DISSIMILAR METALS)

Py ——— \ .
i ! CALIBRATED LEADS -

\ ' 7 . S e NN FURNACE WALL . ,
- . - ;" ) P ' o ' :
y | o . - (
INSULATION _ ;

F1g'1-15. Diagram of a pyrometer, °

d. The meter in the pyrometer does not really indicate the temperature of the hot.end of
the thermocouple, but registers the di fference in temperature” between the hét -and cold .ends. S
This means that the temperature of the cold end has to he known and held constant. This {s '
taken care of automatically, efther by a thermostat which operates a control spring to make
the correction automatieally, or by zero adjus ter which you must operate by hand. R

> e. Pyrometers may be of efther the' Indicating or the recording type. The indicating type

y/ Tust be read while the heating 1s.being done. . The recording type makes a permanent record of
the temperaturdsrange throughout the heating operation. Modern furnaces have pyrometars

| called “controfler potantiometer pyrometers,* which you can set 4t any desired temperature to
\\:egulate the heating. Many gas- and of1-fired furnaces.are equipped with controllers vhich

| ' equlate and maintain any desired heat within range of the furnace design. . '

-
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" EXERCISE:
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Answer the following 'questidm and check your responses against those T{sted at

the end of this study unit. . _ L

1. An instrument used to measure the temperature of the metal being heatéd is a
a. pyrometer. . ° . c. temperature gage.
b. thermometer. . d. thermostat. o

_ 2. How many, types of .pyrometers are there?
a1 % o : c. 3
b. 2 . : d. 5

Work Unit 1-16: ATMOSPHERE CONTROL UNIT . )

Atmosphere control.

st . . .
IDENTIFY THE MAIN PURPOSE OF AN ATMOSPHERE CONTROL UNIT. . . A

Proper atmosphere control is essential to good heat-treating.

Some heat-treating furnaces have an atmosphere control wnit attacheds A cross-sectional view

of the controlled atmosphere hargening furnace is shown in ®igure 1-16.

The canstruction of

all air furnaces is similar, but you Tan find thé exact details of the construction of your
" furnace in the manufacturenr.s instruction ‘manual ‘along with instructions for _operatihg the .

furnace.

The main purpdse of atmosphere control is to keep the me tal from oxidizing.
or s1ightly reducing atmosphere will serve this purpose.
has no excess of -either fuel or air.

: - h . . 1 ) N \\._

L

) ' - — : N
Fig 1-16; Sectfonz_i] viey-of con%oﬂed atnosphgrg hardening furnace.

! .

N\
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A neutral atmosphere is one vhich
A reducing atmosphere has an excess of combustible -

gases. In the oxidizing atmosphere which contains an excéss of air, that you must guard

against.

. . the flame.

After a 1ittle experience, you will bé able to judge-the atmosphere hy character of
A long, lazy flame indicates excess fuql or a reducing atmosphere, vhile 2 blue

. flame at the burner, short and “sharp,” indicates. an excess of.air or an oxidizing

~ atmosphere.
. 317inch cubes of wood.

reducing atmosphere to that of rapid burning, as the oxygen or ratib,of air to fuel is

increased.

To change the atmosphere from-oxidizipg to neutral or to slightly reduce 1t, you

increase the ratio of fuel to air. - On 0i1- or gas-burning furnaces, you adjust the fuel and

air valves which control the heat of the furnace.
. atmosphere by adjusting the fuel and air valves on the atmosphere control uhit attached®®o the -

furnace.

on the electric .furnace, you change the
Each steel has its correct atmosphere.
(a) High-speed s:teel--a -'reducing_ aunosphgr:e-(excess of fuel )
(b) Moy steel hardening fromhl,650° '_to 1-.,800°F-—5 neutral a.tmo.sphere. A
.desirable atmosphere for high-speed and alloy steels may be obtained by

‘ ing an inert gas, such as helium, into the furnnace chamber,  Helium
permits no oxidation or similar chemicz_n action at any temperature.

(c) Carbon and lay-alloy steels hardening from 1,4000 to 1,6500F--a neutral
atmosphere, ﬂ;fmu on the oxidizing side. :

130

Either a neutral h

Atmosphere can also be judged by obsérving the smke, flawe; and burning of small
The character of the burning cube changes from that of charring in. &

* 13 »I .
o , 41 i .
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EXERCISE:  Answer th fo’llowiﬂng questions and check your responses with those 1isted at the
. . end of this study wnit.

1. The main purpase of an atxgosp?were_control unit is to keep the metal “from

a. . oxidizing. ¢. reaching critical point.
b. melting. d." burning.
: * é
) 2. Identify the most essential element in good heat-treating of metaln.
a. Fuel regylation .
b. Atmosphere contro) .o
c. Correct amount of solution in bath furnace | - .
d. Thickness of the fire bricks ' S
- ' 3. Atmosphere can, be judged by observing' flamé, burning of small 3/4 inch cubes of
N wood, and by _ : . .
- a. burnfn? a charcoal briquet '
b. observing color changes in the metal $
. ) c. the smoke . ) . - .
- d. the ayt of fuel being inducted into the furnace. @
N~ . € ) - N ‘
SUMMARY REVIEW _ : RN .
) . - . <, _> ) “/ h
At varfous times during your career, you will have the occasion to draw from supply _ -

and frequently use materials *described_in this chapter. Although a given metal or alloy is
available for your use in a variety of¥ forms (sheets, hars, pipes, and structural shapes), it*

has certain characteristics and properties vhich make it more suitable for some applications
than for others.. An important part of your. job is to know the properties and characteristics
of the materials with which you work. " Many of the identification tests discussed in this .
“chapter will be in daily use in some sh ps. In ether shops, your opportunities, for gaining
experience with these methods are 1Tmit&. In efther case, keep your eyes and ears open. a
" .Familiarize yourseU¥F with the materials u\ed by your shop. When you haVeMortunity, use
the tesis-atepg with the characteristics, as described in this chapter, f me tal _
fdeptitication on kndwn samples; then, ‘when you need to identify an unknown piece metal,.
you will know:and redpgnjze the characteris tics peculiar to-4t. Only practice and kperience
can meke you an expeyt with metal dentification.. <o .
S SR, : ' : D
. Mvers‘ to Study Unit #1 Exercises ‘ , . . (
N > N, i "~ " ) \
Work Unit 1-1. ] © : ' T .
d N, . . . . g \ '
1. ¢.O © o . ) Bl L
2. To control and direct the heat on the edgﬁg of the metals to he'welded amd add a
- . suttable fil®er material to the pool of ten metal. ool
3.. a. o - ’ . . * . . - ~
4. a.. MIG (Meta} I as) 7 ) : /o
-“\ b. 7 {6 (Iungs*t’ézgﬁg&t Gas) . S Y
dm N . B A
> Work Unit.1-2,. - S N ; o ”
\ ‘ L] - . v ’ . 3 b
1. Physical Properties - Are metal properties determined by chemical ‘compositions .
* which cannot be changed by heat-treat!qent. _ e -7
. 2. Mechanica) Properties - ape. the characteristics of a metal that edable it to’ _
.» resist deformation by ex@l forces. S \\ '
Ve - . - S ( | _‘l ’
« # , v — k
T " P . .
» L {g
v ) . .
4 > \\.;
I 4
] . . \ ) - +
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Work Unit 1-9.

~

Work Unit 1-3.

o

1. a. 10. (1) Chromium
2. c. (2) Manganese
3. d.. (3) Molybdenum
4. b. (4) Nickel .
5. . (5) Tungsten . ,
6.. b’ (6) Titanum an°Columbiam .
7. d. . (7) Vanadium
8. d. ‘ .
9. d. . ¢
Work Unit-1-4. .
1. d. ¢ a. e.’ Y
2. c. 5. b,
3. a. : S
Work Unit 1-5. | .
1. a. ' | 4. a. The class to which the steel belongs.
2. b. P LY b. The percentage of the prgdominant-alloying agent
c.r L c. The average carbon content in percent. = }

Nork Unit 1- 6

1. The ability to identify métal by the color and texture of the surface appearance

.. \_) -
Work Unit 1 7

-

1. This test is made by removing a small amount of material from the sample of meta1
with a sharp, told chisel. ,

a
. . -
AN 3 1

Work Unig 1 8 - ‘

l.. This test is made, by holding a piece of metal lightly against a grinding wheel and
observing the sparks given off. . J

’

1. This test is made by studyjng the behavior of the metal under the oxyacetylene
- mum 7 . .

Bl
@

Hork Unlt 1- 10

_1. The process. by which\certain desired properties are developed

i

' - ¥
Work Unit 1—]1. ' - ) & )
1. a. Getvsthe metal hot- ... ‘ . N
b. Hold the heat ' ,
y c. Cool the metal" “m g
2. b ) o . ]
Work Unit 1-12. - s .
1: a. .
2. c. -~
3. c. . .
" 4. Grain Growth

s
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Work Unit 1-13.

1. «c.
2. b.
3. a.
4, - e,
5. d.

N

Work Unit 1-15,

1. a.
2. b

Work Unit 1-16.

N
2. cC.
3. a.
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a S - STUDY UNIT 2
ARC WELDING PROCESS~
OBJEPSIVE: UPON SUCCESSFUL COWM ETION OF THIS STUDY UNIT YOU WILL

' E BASIC ELEMENTS OF ELE&TRICITY'IN ARC WELDING. IN ADDITION, YOU WILL | .
TDENTIFY}) THE CONSTRUCTION AND TYPES OF WELDS, ARC WELDING MACHINE ACCESSORIES, ARC
WELDING JPROCEDURES, AND WELDING SAFETY"PRACTICES. - :

\<z {)” t' ' - | // ®

IDENTIFY THE RESULTS OF WELDING WITH "JQ0 LONG AN ARC.{‘

Work Unit 2-1. ECECTRIGITY IN ARC WELDING
. .

IDENTIFY THEICORRECT\PLACEMENT OF THE ELECTRODE AND GROUND CONNECTION FOR STRAIGHT ~
OR-REVERSE POLARITY. .

IDENTIFY THE TERM “ARC BLOW® AND PROCEDURES FOR CORRECTING IT.
ELECTRICITY IN ARC WELDING . REEI

o )
a. Fundamentals. So that you can upderstand the procgss of elect;\c-arc welding, a few
hasic facts about electricity should be known. One of the first facts is that a current of
electricity will not flow unless there is a complete conducting path and electrical circuit.
An electric current flows &long a conductor just as water flows through a pipe. To move this
"water, there must be a means such as a pump or a difference in the water levels, In the same
manner, e]ectEFc current will flow along a wire when there is a difference of "pressure”
created by a battery pr generdtor. The unit force or pressure.that tends to move .
electricity 1s the valt. You measure the rat® at which water flows through the pipe as )
gallons or cubic feet per second. In much the same way, the rate at which,é%gt%Qjcity flows :
becomes a certain quantity flowing per second past a certain point. This is called an

ampere. The amount of current flowing in the circuit dependp on the -pressure (voltage) and -
EEe resistance (ohms) to the flow.of current {amperes). N

. - . -
b. Arc-welding principles. The proper length o# the arc in arc welding (fig 2#1) is-
important for good welds, With the proper:arc length, the heat is concentrated on the work.
If the arc 1s too long, the heat will escape to the surrounding areas and penetration will be
insufficient. A short arc is more stable than a long arc, and the vapors from the burning
electrode (rod) surround the arc pool and prevent air from reaching these hot areas. Proper
arc Tength cgnnotipg accurately judged by eyesight but can be recognized by sound. A sharp
crackling sound sffould be heard while the electrode is moVed down to and along the syrface of
the work. When a circuit carrying a current breaks, the current continues to flow across the
gap between the terminals until the space becames too long. For bridging this gap, oy, R
+ Superheated gases from the heated atmosphere and particles of metal from the terminals carry
. the current. This action causes an intense white 1ight called the electric arc. Since the
resistance in this arc is high, a large amount of electrical energy converts heat in the arc.
The proper arc length causes the metal exposed to it to melt instantly. It is the heat _
produced this way that is available for electric-arc welding. The dc arc-welding machine used
for electric-arc welding has a generator driven by some motive power (gas or diesel engines).
The voltage of the generator will usually range from 15 to 45 volts across™he arc, although
- . the setting may vary because of changes in arc length. Current output will vary from 20 to
* 800 amperes, depending on the type of unit. In most welders, the generator is a
variable-voltage type, arranged so ‘that the voltage automatically adjusts to the demand of the
arc. You may manually adjust amperage of the welding currend, Usually you may set it at the
proper range by means of a selector swigth or by a bank of plug receptacles. Using eigher
method, you obtain the desired amperage by connecting the field coils of the generator\at
- different points to either increase or decrease its strength. When you can manuall¥ adYust
the voltage and amperage of the welder, the machine is a dual-control type. The welding °
circuit (fig 2-2) consistds of a source of welding current and an electrode lead attached.on
one end to the power source and to the work on the other. In any electric circuit, current
flows only when the circuit is closed. Welding current flows through the welding circuit only
when an arc is established between the electrode apd the work. When a dc welding circuit is 1
closed, the current flows from the positive terminal thrgugh the circuit to the negative <
terminal of the generator. The terminal to which the el®ctrode cable is connected defines the
golarity. which {is important because it determines whether the greater portion of the welding
eat developed is concentrated on the electrode side or the work side of the arc. Studies
have shown that about two-thirds of the heat of the arc is developed at the positive pole.
Thus, in straight polarity (electrode negative), the greater portion of the heat developed 15'/7;

concentrated oh the work side of the arc. In reverse polarity (electrode positive), the
greate;fport?oﬁ of the heat {is concentrated on the electrode side of the arc. Early in thé
+ history of welding, when bare steel electrodes;were used, it was necessary to connect the

)
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electrode to the negat\ve terminal and the work to the positive terminal. .This procedure
became known as straight polarity. However, when heavy-coated electrodes were introduced, it
was necessary to reverse these connections, hence the naq’ reverse polarity. Again, in brief,
straight polarity means the electrode is negative; weverse polarity means the electrode is .
positive. If the operation of coyere lectrodes with reverse polarity is compared with the
operation of the same electrodes wnggaitraight polarity, you will obseryg that reverse g
polarity gives slower electrode burn-offf rates. At the same time, penetWation is deeper and
more certain and the weld metal is mor® fluid and slower to freeze. - . -
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Fig 2-fi Characteristics of arc length.
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c. Depositing filler metals. Filler metal transferred from the electrode tip to the base
metal is probably the result of a number of forces. Some of these forces have little effect
on the transfer of the metal. Others are theory. The forces commonly thought to he involved
are gravity, "surface’tension, gas expansion, electromagnetic forces, and vaporization and
condensation. Some of these forces play a bigger part in the transfer than athers A brief
discussion of each force follows. ”

(1) vaporization. An intense heat is developed by the arc, but this heag'energy is
sufficient to vaporize only a small portion of the metal atg the electrode tip.
Some of this vaporized metal passes through the arc and thén condenses when it
contacts the molten pool on the base metal which is much cooler. Another portion
of the vaporized filler metal escapes the surrounding air and appears as spatter.
‘Since.only a small portion of the filler metal is vaporized and since the bulk of
the filler metal from the electrodé is actually transferred to the weld, it
follows that additional forces are at work. . .

. } . »

(2) Gravity. This may account for some metal transfer in the flat position. However,

since the rate of metal transfer §s as gréat in the vertical and overhead
‘positions, gravity does not appear to be an important factor. In fact, metal
transfer in arc welding seems to defy the force of gravity.<@Actually, gravity may
become a problem in the~ ovérhgad position if the molten pool of,metal becomes )
large that surface tension cannot c0nta1n the metal in the poo}.
. r -
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(;) Surface tension. This is the force that makes it possibte for a gently placed:

. needle to be supported by the surface of water. Thig force is very important in
retaining the molten metal in the pool of the joint. It also tends to draw a
molten globule of metal®into -the pool once contact between the globule and the
pool has been made. On the other hand, surface tension has no téndency to protect
- particlesyfrom the electrode tip through intervening space Lo the pool. Insofar |
Py , | as metal gransfer is concerned, siurface tension’jis of little impo}tance except to
retain the shape and the transferred metal in the Yool. ’

" '

—
(4) Electromagnetic forces. Pinch effect resul®s from electromagnetic forces which
arise from the high current passing through the metal globule at the electrode
; tip. This exerts a compressive force on the globule and tends to pinch or detach ' )
. : the globule from the electrode. Pinch effect was once thought to be important in :
A metal transfer, but more recent investigators doubt that the force involved is .
sufficiently great to_ggéunt to much metal transfer,

.

(5) Gas expansion.(fig 2-3). Thi!'gheory explains metal transfer on the basis of gas
i pressure.developed in the metal. The source of -this gas is attrubuted to
impurities. Heat causes the gas to expand and build up pressure. .Either or both
of two things may occur: (1) the gas is liberated at high velocity, it carries
metal particles; or (2) the gas forms beneath the surface of the molten metal and,
because of surfale tension of the 1iquid metal, the gas expansion forms bubbles on
the Xip of the electrode.” The bubble may expand until it contatts the molten pool
on the work and short-circuits the arc, permitting transfer with the aid of
surfacq tension from the pool on the base metal. On the qther hand, gas pressure
may burst the bubble, producing a fine spray of particles in the direction of the
! work. Considerable evidence has been "accumulated te support this theory of metal

; transfer.
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Fig 2-3. Characteristics of the shielded metal-arc.
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d. Arc blow. There is one incident that frequently occurs when welding with direct
current that you must understand so that yoy will recognize it when it occurs to be able to do ¥
+something about it. This is arc blow, one of the more frequent annoyances with which the :

inexperienced welder must contend. When you are welding in corners, or are approaching an

abrupt tu;g/jn_usting, magnet ism makes the arc unstable and difficult to control. The

experienced’ welder will recognize this gendency and will take corrective measures before he

loses control. Arc blow gccurs when the electromagnetic field that surrounds every

current-carrying conductor is distorted, a greater pull is exerted on one side than on the

other.' As a result, the arc tends to waver or hlow out the side of the electrode, consuming P )
the covering fgster on that side. Your first warning will come when the magnetic force takes v
control of your arc and causes it to weave around like a recruit on his first liberty in '
J-ville. If you don't do something fast, the heat becomes so intenge, and the changes so rapid ‘\\\
that you will lose your arc with an explosive burst that will.carry-away the molten metal from

the weld. Arc blow can be overcome by changifng the direction of current flow, by changing .
ground connections, by modifying the magnetic f.ield with mdtal.bars across the weld groove, by »
working towards the ground from any pend in the line of weld, or by tilting the electrode. In
arc welding, the current travels first in one direction then in another,_ppgcticflly -~

- eliminating arc blow. : . . : . J!;V/
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EXERCISE:  Answer the fdllowing questions and check your responses against those listed at

~ ' . the end of this study unit. ' .
1. The unit of force that tends to mbve electricity through a circuit 1§ known as
a(an) . -
a. volt. e . . c. ampere. < ‘ )
b. watt. 5 . d. ohn.
2. The flow of electric current i's talled the | .
a. volt. C.  ampere. ? i -
, b. watt. d. ohn: : ot \
rr . : o L
. 3. Insufficient penetration and heat escaping into ‘the surrounding area is caused by
a. too long an arc. . c. setting on the welder to high. ' y
b. too short an arc. d. the wrong size electrode. )
4. A dual control welder is one in which the desired current is selected by
o a. manual adjustment of the vol tage aiti anperate rate.
- b., tapping the field coils at varjous points. L.
. c. automatically adjusting the voltage to.meet the arc demand.
d. tapping the generator core at various points.
5. Reyerse polharlty occurs when ‘the work is and the elecé)de 1s\ .
ot - » - i -~
- a. positive -- positive. © ¢. negative --'positive. !
b. positive -- negative: . d. negative -- negative. _
) 6. Straight polarity of a welding circuit is defined by the )
. - . . T
a. north pole. ’ - '
. south pole. . . k ‘
c. electrode being connected to the negative terminal. : l ©
d. electrode being connected to the positive terminal. .. ) ) .
“7. The beneficialt force which holds the filler metal to the bare metal in vertical
welding is the v . o, -
a. surface tension. - c. gravity. ; _ L
b. arc blow. ) d. gas expansic:( : o e >
8. When welding in corners or approaching an abrupt turn, & netism makes the arc '_\g ’
\ unstablé and difficult to control, you aryexeg)ﬂenci ) ' y
N :, “ . ( N ¢ . . , R
N ~ ad” arc blow. - . Ce gas/,exfansion. .
o . b. ele¢¢tromagnetic forces. L d. gravity. : v
Lk C9. Three methdd? of overeonpng arc blow are by changing the _gr:ound connections,
« . tilting th ode and ' ' . e _ - {
' 2 ! '
/'} = . a increasing the curgent. c. ‘changing the direction of current flow.
. b, ~-decreasing/the currect. .d. decreasing the yoltagg. S
sAn 4 . . : - o
H ‘.“ . .
Work Unit 2-2. GONSTRUSTION al JAPES OF VELDS
LIST THE TRREE. PRINCIPLE PARTS OF A GROO_Vi_AND FILLET WELD. )
} .. . *
e SR | TOHTHE FIvE TYpES.OF JOINTS WITH THEIR USES. ° \

) LIST THE FIVE TYPES OF WELDS. , .

-t ’d“ < . 5\ :\‘ [ \ ’ . ' a a

' A person's knowledge about hi's field is usually reflected by his vocabulary. It is .

¥ essential that you have ad(good cormand of the teéchnigal vocabulary related to youn work. This

“ will make 1t passible to convey information &nd -exchagge ideas accurately. Here we are
concerned with termé. that apply more generally tb*all welding processes, namely, types of
joints, welding positions, joint parts, weld parts,“yelding procsdures. and sequences.
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a. Nomenclature of the weld (fig 2-4), Although there are many kinds of welds, two that

are of particuTar Tmportance at this time are the roove and the fillet.” Principal parts of
both the groove and the fillet welds are the root, toe, and face,

()
(2)

(3)

(4)

)
(6)

(1)

Root of the weld. The roots of the weldg as shown in the cross sectfon, are the
points at which the bottom of the weld intersects the base-metal surfaces.

Toe of‘tﬁe.welqifﬁ;;; toe 1s the junction betweehd the face of the weld and the
base metal > , :

. | ¢
Face of the weld. This is the exposed surface area of the weld, extending from
toe to toe depdsited by the arc of gas-welding process, on the side from which the
welding was pen(ormed. '

Fusion zone. This 1s the region of the base metal that is actually melted.

Reinforcement. This is the weld filler metal excess, on the face of the groove
weld, which 7s an excess of the metal necessary for the specified weld size.

Leg of a fillet weld. The leg fs the distance #rom the root of the joint to the
oe 0 e et weld. On the fillet weld there are two legs. ,

Throat of a fillet weld.” On the fillet weld there are two throats.

(a) Actual tﬁrbat. This is the shortest distance from the root of a fillet weld

(8}

to its face.

(b) Thegretical throat. This is the perpeﬁdicdlar distance between the hypotenuse
of the Targest right triangle that can be drawn within the fillet weld cross
section and the beginning of the root of the weld. -

Size of weld. On an equal leg-length fillet weld, \the size 1s designated by the .

Teg Tength of the largest isosceles right triangle that can be drawn within the :

fillet weld cross section. For an unequal- leg-length fillet weld, the size {s §
designated by the leg 1ength of the largest right triangle that can be drawn in
the cross section of the weld. For examp1e,{i£ﬂthe legs are 1/4 and 3/8 inch, the
size of the weld would be 1/4 x 3/8 inch. The size of a groove weld is the joint

.-penetration (i.e., the depth of the bevel plus the root penetration when

specified).

. Fig 2-4. Weld cross sect::;T‘\\ : _ ’j o |
a) X “ . 2“5 1 Y V.{\’
; - 49 o
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b. Types and preparation of weld joints. There are five basic types of weld joints used
in weld structures. Although there are many variations, every joint you weld will be one of
these basic types. The properties of a welded Joint, depend on the correct preparation of the
edges that are to be welded (fig 2-5). The edges should be prepared to permit fusion of the
metals without excessive heat 10ss through radiation into the base metal. To gi:uoq; their Y

inclusion in the weld metal, all mill scale, rust, oxides, and other impurities\must)be -
remayed from the joint edges and surfaces. Also, with a properly prepared jointy a minimum

amoutt of expansion and contraction will result. Joint preparation is governed by the type of

joint being used, the thickness of the metal, -the load wﬂicﬁ-the weld will be required to o
support, and the means-available for preparing the edges to be joined. ,

s e e I
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Fig 2-5. Edge preparation before welding.

Y

(1) Butt joint (fig 2-6). This type of joint is used to join the edges of surfaces of '
wo plates whose ends are lying in approximately the same geometric plane. The.
edges can bé prepared by cutting or grooving with oxyacetylene, by sﬂearing,

N machining, clipping, or grinding. Whatever the method used to prepare the edges,
all scale, dirt, grease, and oxides must be removed.. Joints shown in figure 2-6
are used in butt-welding 1ight sections of sheet metal. Plate thicknesses of from
3/8 to 1/2 in. can be welded using the single V-type, or single U-type joint as
shown in figure 2-6. The edges of still heavier sections would be prepared with a

' double V or double U. In genetal, butt joints prepared from both sides permit

> easier welding, produce less distortion, and insure better weld-metal qualities in
heavy sections than a joint prepared and welded from one side.

2
N
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(2) Corner joint (fig 2-7). This 75 dsed to join two members located approximately at
- right angles to each other. The/joint area in this case is between the edgey of

one member and the side or edge (of the other member. It is used mostly in the

construction of low pressure tanks, boxes, frames and other similar objects. The

close-type joﬁpt (fig 2-78) is used on light sheet metal where joint strength is

not required. ~ When welding this type with oxyacetylene, you use little, if any,
. filler metal. Usually the overlapping edge can be melted- dow®o make the weld.
J/ . In arc gelding, only a ver¥ light bead is tequired. When the close-type joint is ‘.

' used for heavy plate, the Tapped plate is_V-beveled or U-grooved to .permit .

" penetration to the root of the joint. On heavy plate, the joint is welded frqm
both sides, first from the outside, then reinforced from the back side with a seal .

R bead. R
-1, .
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' +(3) Edge joint (fig 2-8), This t}pe’of joint ts not very stfong. It is princfpa]ly :
usga é J

"~

T.to Join the edges of sheet metal and to weld riinforcing mdates in flanges of e
I-beams or edges of angles. Two parallel plates. df 2-8A) are joined together by °
means of an edge joint weld. On Eeavy plate, sufficgent filler metal s added to
fuse each plate edge completely and to reinforce the weld. Light sheets are
welded by usigg joint B in figure 2-8. No edge preparation is required other than
cleaning the edges and tack we]ding them in position. "No filler-metal QI ]
necessary as the edges are simply fused together. However, the joint sh in C,
figure 2-8, is for welding heavy steel plates and requires that the edges be |

beveled so that good penetration and fusion of the sidewalls is obtained. This 1

(4)

-used. The douhle-J

type of joint requires filler metal. Some t ical applications of this type weld
can be found on mufflers, tanks for 1liquids, housing, etc. _ P

/

/

. ®

Fig 2-8. Edge Jbints for light and heavy plates.

] 3 )

Tee joints (fig 2-9). ,This type of joipt-Ts us

whose surfaces are located approximately 900 to ea

where the surface of one plate is not in the same p as’ the other.V .

I1lustration A of figuré~2-9 shows this type of planéitee joiht welded frpm both

sides. This type will require no edge preparation other than .cleaning of “the -

surfaces.- B through E of figure 2-9 show edge preparation for typical tee .

joints. Plates with thicknesses up to 1/2 in. use the single-bevel joint. The . -

double-bevel joint (fig 2-9C) {is useéd on heavy platés or sections that can be .

welded from both sid‘;and with plates having thickness of 1/2 inch or more. >
1

_okher at the joint, but

Where welding can be Jone only from one side of the plate, the single-J joint s . c e
nt is used fgr very heavy plates that can be welded from

both sides. When weldtng these joinpts, you must take care to insure that there s

good weld penetration into the root openings between the vertical and horizontal %
elements. This penetration’is further aided by the rpot openings. : :

»
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(5) Lap f‘Bint (fig 2-10). This is used to join overlapping plates or secms so tet
e edge of one plate is welded to the surface of the other. .Where t osition
of the joint doesn't permit welding from both sides, .these joints.may be made from
one side only. However, full strength is not realized when welded in this
manner. The double-lap joint, when welded on both sides .will develop the full.
L ~ strength of the welded sections. Preparation for these two types involves nothing ‘ N,
) . more thah Cleaning the surfaces of the welding areas. On an offset lap joint, _ '
.o where the overlapping plates must be in the same plane when joined and welded, the _
) : weld offers more strength than the single-lap joint, but preparation for the joint
P is more difficult.

Y
»
7

- .

Fig 2-10. Lap joints..

~

G. Types of welds and welding positions. A weld )s obtained by suitable heating, -
bringing together the Surfaces to be Joined, and usua)ly the addition of molten filler metal C :
’ - between the jJojnt surfaces. These surfaces are bound together by the use of weld patterns .

which haye various names, the most common are bead, fillet, tack, groove, plug, and slot

weld. These welds are applied in four different positions overhead, flat, horizontal, and
vertical. Both the.weld typej)ZEp positions will be discussed tp the*following paragraphs.

S - (1) Weld types.

- 1aL Bead weld 'Usually a bead weld is made by depositing filler metal on an
unbroken surface in a single direction. A bead may also be made without any
externally added filler metals by simply forming a molten puddle in the base
metal with a heat source and then moving the heat source in one direction.
Bead welds are used principally on-butt-type joints and to build up a
surface. The cross section of a bead weld has an oval shape. .

”
N
&

- . (b) Fillet weld. To join two sections that are at right angles to one another
2 R .would require a fillet weld. Triangular in cross section, fillets are used to

' " weld lap, tee, and corner joints. In addition to the face, toe, and root, a ~
fillet weld .has two parts with which you should be.familiar: The le§s and
throat. A knowledge of the terminology relating to fillet welds 1s necessary
so that you can understand precisely what size fillet weld is required by
specifications for a“'given job. ,

: (c)‘Tack weld. This is a short temporary weld deposit made to hold parts in ,
, proper alinement while they are being welded! Size of these welds are usually
e not specified, but they must not be more than 1 inch in length and they must -
' . be as small as practicable with the electrode being used., Tack welds must be
incorporated into the final weld. If they are cracked or broken, they must be
chipped out before final welding. : ‘

~ -
)

',(d) Groove weld. This type of weld is made in specially prepared grooves between ;
two sections to be joined. Most frequently used for-butt joints, ‘it is . -

. designed to provide the strength required With the minimum amount of deposited
» filler. The section of the groove weld®lesign depends on the thickness of the
*,plate being welded and accessibility to the joint being welded (i.e., access
. ‘to both sides or only to one side). With few exceptions, the edges of the
V/ . metal being joined by welding myst be specially prepagga\\partiCularly for
i ) groove welds when the metal thickness exceeds 1/4 inch. This preparation .
-/ . idvolves bevelinql\r grooving the edges in the joint areas. Figure 2-11 ' . N

\
. . , ,
. \ . L.
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i1lustrates some of the standard groove welds. Joint design details revolve around the size .
of the groove and the space existing between the members of.the joint. Specifications for
joint designs are expressad in terms of bevel angle, groove amgle, groove radius, and root
opening. Figure 2- 12 dep1cts these terms. i -
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_Fig 2-11.

Standard groove welds.
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Fig 2-12.

"Thé beJel-angle. groove angle, groove.radius, ' - . ¢f"'
and root opening of joints. . .
) ‘e . ’ . P -

(e) Plug and $lot welds (fig 2-13). . A plug weld .is a aircular weld made through - -4
one member Joining that member to another. It can be made- through a hole : S
pungped or'cuyt in the first member, or it cam be made without.punching a hole FE
in the first-member. - It does not necessarily have to .be filledmcdnp]‘&ely -
with a filler metal. - Normally plug welds are used to fill holes. The
simiTarity between the slot weld and plug weld is the elongation of the hole

S ' in the slot weld. - Slot welds permit development of required strength where . ’
o fillets or butts are not economical, _ S :
- ' ' ! :.3"".‘ -
~ ] ' . . a - ’
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Fig 2-13. Plug and slot welds. - : e ,

y

(1) Welding positions (fig 2-14)> Welding must be ?erformed in different positions.
In engineer "or motor transport maintenance facilities, welding ih the flat
NP position 1s not always possible. The positions for welding are flat, overhead,
’ vertical, and horizontal. When welding is performed in the flat position, the
' welder works from the upper side of the Joint. In this position, the upper -
surface of the weld 1s in a plane paral'el to the horizon. This is the case in .-
° R . foth flat-position fillet and groove welds. In the horizontal position, the h
/,// members being joined are in a vertical position, whiTe the -axis of- the weld is
horizorital. The face of a groove weld produced in the 'horizontal position 4s in a
vertical plane. "« horizontal-positton fillet weld is slightly different from that
of a groove weld. "Welding a fillet in-the horizontal position involves depositing
. - filler metal on the upper side of a horizontal surface and against an approximate e
R e vertical surface. The face of the weld 1ies in a plane 450 to the surfaces of .
T the parts being joined. When welding is performed in the vertical position, the
axis of the weld_is insa vertical plane, in both the groove and fillet welds, the
face.of the weld is parallel with the horizon, and in this position the weld metal
v : is usudlly deposited in upward direction. Welding performed in the overhead
> . position is dane from thgﬁbnderside of the Joint. The axis of the weld is the
' : -~ Same as that-of the flat-position weld. Here too, the weld face is parallel with._,‘ '

w the horizon, but: its or tion is approximately 180° from the face of a
: flat-positien weld. e ‘terms flat, horizontal, vertical, and overhead adequately _
describe the positions in which plates are welded. . o L .
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FXERCISE:

1.

2.

-.”3.

"

AXIS OF WELD

~a) . .
. FLAT POSITION _ _ \ . \)/

N “"‘ ,“ m,n))"'
UL

. ~~ -
. "-ln..“,“"‘ '-T::
i *,,\m)l'):?m, mm\\m 1 < A% “ “"" et : \I r
m L : (((“(“m. b )

L ”
- (Pl ’/J . S
/Axx WELD . \ ¥
HORIZONTAL vosirion s of wao!: '

HORIZONTAL: PORITION

l * (‘

' 1
3 AXIS OF WELD AXIS OF WELDwomonny g
N ° _;‘ 3 . :
i .] \.l .
! 4 . 7y
. H :
H N .
| ' M-"‘.. N ) 3N
i . A e
H -
< » ] .
» J
l N * /I :
1 YERTICAL POSITION ' ' .

VERTICAL POSITION -

_"\
- . OVERNIAD PQSITION e -
OVERNEAD mmon
A
Fig 2-14. Welding positions. o -
- ¢ ~
Answé? the fo]lowing questions and check your responses against those’ 1isted at
the end of this study unit. ’ . . " . N
List the three principal parts-of a groove and f111et weld. N
N . . i ] if_ e | :
b. . - 2
c. ’ ' > -
/ o . " -
The point of the weld-at which-the bottom intercepts the base metal surface is the ;,, y
a. roe . ¢. throat of the fillet. ) R :
b. face of t:g\;%ﬁ\ d. leg“of the fillet. ,
Define fusion zone. ‘ 7 - ' o
. \‘\ i - ~.-'..’." X N . . * J;" »
§ i .
Ihe~kxposéd surface grea of a weld from-toe to toe is the ' . ?
a. face. . o c. fusion zone.
b, root. - d.*~teg. ) .
¢ . . ’ ] ° ) Ve
' ) " g ) “ g
. L — ‘-
. 56 . 3 il ) .
- . K
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Note: Questi'ons 5-7 refer'to the diagram below. m 8

* ’
R
[ 4
. ®
. Hhich Hne indicates the actual throat of the weld? . )
) A-B , - c. E-F
. C - D . . d. G - H . «
. Hhich line indicates the size of the weld? -
a. A-8 : c. E-F
b, C-0D © d. G-H
o 7. Which line indicates theoretical throat of the weld?
| W a. A-B . “c. E-F
. b, 6°-D - ) d. 6 ~F
. , . ]
Note: Questions 8-9 pertain to the diagram below.
: . \y - E’;‘Q ) - i ° , . .
- P4 .
! r ¢ —
v.-.-‘ 4: 0 { R <
: b A S ,
v
g . ; A .
& !’ . . ? -~ B ~
- & -’ - - i
8. The arepﬁ’ndicated by Aine A is known as the ¢
a. face. - c. edge. ‘
* b. angle. d. dpening.
9. The area indicated by tine B is the : - o
. a. bevel angle. G c. root face. ' "
p.oa b. groove angle, - d. groove radjus. - :
y ’ ’ - ) 2 " )
10. To, join two sections at right angles to one another, you would use a ’
. weld. . )
.' ' - \ » ) L
. ' a. tack c. fillet ' : s
ot . b. plug d. seamf w ’f ;
.o : - #]11. % In welding, overhead, flat, and horizontal are considered to be e
gi ., rﬂ, - . ' - - B .
“ a. techniques. : _ - €. methods.” - , o
b. positions. . ~ d. difficulties. A
T 9127 A weld that is made through one _member to jéin the tﬁ memg's to‘get-her is
” . talled weld. & - .
4 ' ‘ : ’ ‘“'»‘\a_s- - ’
L. 61 flash o+ - c. spot E
e : Jillet’ . d. plug s _ P
. ¥ -\ . . - : ! ’ ~ .
ﬁ - ‘ 2-13 \ ~
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13. Select the correct diagram indieating a horizontal weld.
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14. List the five types of welds.
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Matching: Match the five types of joints id column 1, (15 - 19), with their correct

uses. )
- ) . r
Column 1 ! Column 2
~ 15, <Butt a. To join two edges of sheet metal

16. Corner . b. To join two plates at a 900 angle to
17. Edge " . each other , o
18. Tee . . c. To join two edges of surface$ of two

19, lap ' ©T plates located approximately in the same
- .geometric plane N

d. To join two members located at right
) angles to each other »
‘e. To join overlapping plates

. | ®
_Work Unit 2-3. ARC-WELDING MACHINE ACCESSORIES '
DEFINE PERSONAL PROTECTIVE DEVICES.
©LIST THE EIGHT TOOLS-AND EQUIPMENT USED IN ARC-WELDING. | Lo
 STATE THE BREAKDOWN OF AN ELECTRODE. -

a. Welding cables. The cables which conduct the welding current from the power Source to
the- weld and then back to the source must have ample current-carrying capacity, good ' a
insulation, provisions for coupling, flexibility, and durability. A highly fléxible cable {s
used between the electrode holder and the welding machine. The ground cable, which connects
the work and the machine, ddes not-have to be as flexible as the cable attached to the
electrode holder. Two factors determine the size of ‘the welding cables selected for use, the
amperage rating of the machine being used and the distance between the work and the machine.
if amperage and distance are increased, the size of cable must be. increased. A cabld which is
too small in relation to the amperage bein? used will become overheated., Likewise, a cable
too small in relation to the distance involved will not carry sufficient current to_the arc
without becoming overheated.: On the other hand, cable that is too Targe is more difficult to
handle. Cables that are suitable for the type of equipment that you are using are furnighed
with that particular type-of machine.* If you have more than one size cable ayailable toiigu,
the information in figure 2-15 will serve as a guide for proper section. -~ - :
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Machine rating Cable lengths .
(in amperes) . . :
Up to 50 feet .. 50 to 100 feet 100 to 250 feet
Size 0. D. Size 0. D. " Size 0. D.
No. (inch) No. {inch) No. ,(inch) - o
3 Up to 150 ---———- 2 0.604 2 0.604 <2 0.604 ”TJ
. ' . o 200 —---mmmeeeee 2 .604 1 .644 2/0 754
N 300 --rmmeoeeoe 0 1694 2/0 .754 4/0 .959
400 ------mmmme- 240 T «754 3/0 , -827 4/0 7.959
. 600 ------ wmmmes 210 .754 4/0 959 4/0 .959
hY
Fig 2-15. Recommended cable sizes. - : . .
) As arule, the shorter the cable length between the work and the machine, the better. It is .
-recommended that the maximum length of 4/0 cable for« ag40Q-ampere welder be ngt over 150 s
feet. The longer the cable used, the greater the cable.size required, and ‘with the increased .
size you lose the ease of handling of the cable. So instead of increasing the, size of the
® cable, move the machine closer_to ,the work. . :

b. Electrode holder (fig 2-16). This.is essentially -a clamping device for holding the -
. electrodes. It ¥s provided with & nollow insulated handle through which the welding cables
pass to connect with the cldmp. The advantage of this insulated handle is that it can be ’
touched to any part of the #ork without danger of a short circuit. The clamping device is T
made of an alloy which is a good conductor of electricity and durable under high temperatures 3
and constant use. It is designed to permit the electrode to be held-in any positibn and also ' -
.permit easy change of electrodes. Holders are made in a variety of designs and sizes, each e
b . .intended for use within a given range of electrode wire diameters and within a maximum
~ welding-current amperage. Thus, a larger holder is required for welding with a machine having
‘a 300-amp rating rather than a 100-amp unit. If the holder is smaller than required for the
particular amperage, it will overheat. The holder selec:;g,should be large enough to do the ~

RCIE SN

A

» job, hut not/larger than necessary. -You should be able tghandle it with relative ease. -t

~_.

‘ e §
\ ‘ “ _Fig 2-16. Electrode holders. N U .

4 F . -
‘c. Personnel protective devices. The need. For personnf| protection arises from the fact
¢, _that during a welding process there is intense light, reflected glare, radiated heat, angl, . .
flying particles of hot metal. Any device that protects the welder from these hazards is . '
important, Consider eyes first. Injury to other parts of the body.may be incapacitating and
painful, but usually body tissue is capable of repairing itself  without permanent injury. Not
so the eye, Unfortunately, loss of sight is almost always permanent., For this reason, eye K
protection is of the utmost importance, not only to the welder, byt to others who may be.in -
the vicinity.of the welding operation. The type of eye protection used dependg on the type
and position of the welding. Rigid-bridge, spectacle-type goggles or eyecup-type goggles with o
k suitapke filter lenses are used during gas-welding operations. When welding is done at or ’ N %
above the gye level, only eyecup-type goggles which conform to the comtour of the face should . '
be worn.’ For arc welding, a welding helmet having a suitable filtered len$_is necessary,
When these operations are performed in areas where other welding is going on, the.welder
should wear spectacles with side shields or eyecup goggles beneath the welding helmet to*
shield the user from glare and ‘radiation from adjacent work. A filter lens may be used,
. 4
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however, the sum of the filter lens from the gog?les and the welding helmeét should be equal to
the fi1ter 1ens number that is recommended as being safe. Helmets, hand shields, and goggles

fgsed for welding are of a non{lammable insulating material. They are fitted with a protective .

olor filter and a clear cover glass, the purpose of these is to protect the color lens from
becoming pitted from flying sparks and weld spatter. The lenses are fitted in such a way as
to provide easy removal and replacement without any tools. These colored }ehses are available
in different shades, and the sﬂade number selected depends on the purpose br which eye
protection 1s required and somewhat on the reference of the wearer. Remember though, these
lenses serve two purpglses: they reduce th¢ jntensity of-the visible 1ight to a point where
there is no glare, gnd they protect the eYes from harmful infrared and ultraviolet radiations
emitted from the arg§ or the flame.” Consequently the shade filter selected should not vary
from the numbers regcomnended in figure 2-17. Eye protection for yourself
u"also have a responsibility to others. The fyashes from the arc are’
liable to cause temporary and painful eye burns if protection.is not provided. Areas in whioh
welding 1s done should b¢ painted fTat black to prevent flickering reflections. If possible,
the area should also be enclosed by a booth or screens painted with a nonreflecting color.
Protectian of the other parts of:>the Body as well as the eyes is also important during welding
operations. A variety of protective clothing has been designed, i's available, and should be
used whenever you are involved in any welding operation., [ike the eye protectors, the
clothing selected will vary nith the nature of the work. During any welding or cutting, you
should wear flameproof gauntlets. For gas we]ding, you should use the 5-finger glove; for arc

- welding, the 1-finger mitten. In common with other leather protective clothing for welders,
. gloves are myde from split cowhide which has been chrome-tanned. This process ¢ ditidons the

leather, and makes it more effective against heat and more resistant to heat-detériorating

effects. Both types will protect.your hands against heat and sétal spatter. Many light

gas-weldin? jobs require no. more protection than gloves and goggles. Medium and heavy gas
1

welding, electric-arc welding, and any job in -the overhead welding
Shade No. e " Operation
Up to & ~—meemaes =y .-Stray 1ight from nearby welding and cutting operations and
/7 > ~ from electric spot welding,
By mmmmmmem SEEPOE S, * Light gas cutting and welding.
6 ~mcmmmmm—me—a————— © gas cutting, nediun gas welding, and arc welding yp to 30
N .anps. (
L Heavy gas welding and arc welding between 30 and 75 anps
10 —mmemmmme i Arc welding between 75 and 200 amps.
12 cemmmmem e Arc welding between 200 and 400 amps.
) I Arc welding exceeding 400 amps.

Fig 2-17. ﬁecmmnended filter lenses for welding operations.

position, require specially designed clothing made of leather or asbestos material to protect
you against radiated heat, splashes of hot metal, or sparks. This clothing eonsists of
aprons, sleeves, conbination sleeves and bib, Jackets and-overalls, which afford a choice of
protection depending on .the.nature of the welding operation Sleeves provide satisfactory
protection for welding operations-at floor or bench level. Cape and sleeves are particularly
suited for overhead welding because the cape protects the back of the neck, top of the
shoulders, and upper parts of the chest and back. Use of the bib in combination with sleeves
and cape gives added. prdtection to the chest and abdomen in cases where protection to the back
is not required. “The jacket should only be worn when it is necessary to protect the entire
upper half of the body, such as when welding in close proximity to séveral other welders.

.Aprons and overalls provide protection to the 1egs and therefore are suited for we]ding

operations on the deck. When welding in the overhead position, welders should wear leather
caps under their helmets to prevent’'head burns. When theére is danger from sharp or fallinge
objects, hard hats or head protectors attached to fortpart of the helmet should be used. -If
leather protective c]othin? is'not available, woolenxgfther than cotton garments should be
used, since wool does not ignite as readily as coiton and affords better protection from the”
heat. As with any electrical device, the danger of shock and electrocutidn during arc-welding
operations is always present.’ Before preventive naintenance or repairs of any nature are -
performed’ on the welder, thé electirical system must be deenergized; also, when the welding
cables are attached to the welder. At no. time should welding be performed in damp or wet
areas unless it is an absolute emergency. -Then the operator should be protected from the
ground surface by the use of rubber insulating mats or dry wooden duckboards. When replacing
electrodes in the electrode holdet, move the holder far enough away from the material being
welded so that there is no danger of accidentally grounding the.holder, electrode, and the
work all at the same time while the electrode is in your hand. Generally speaking, all rules
governing the safe handling of electrical apparatus shoujd be practiced and observed at.all
times. Keep.your mind on the business at hand; don't he daydreaming about tonigh@ s liberty
run, or you may not be naking 1t.
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.d. Tools and equipnient. In addition to welding machines, flexible cables, electrode -

_holders, and orotective devices, the arc welder also has a need for chipping hammers,-wire. --.

brushes, welding tables, backup bars, and other items of equipment to properly start and .
finish a welding operation. - As you start to weld, you will notice a-slag deposit appear on - -
the surface of the weld face. 8efore you can do any further weldﬁng.'these deposits of scale, °
oxides, and slag must be removed by using a chipping hammer (fig 2-18) to break the scale and

a wire brush to further clean the weld surface area. In order to have good, sound, solid #
welds it 1s necessary that the weld area be clean or gas pockets will form in the weld area

and result in inferior weld beads. When welding thin aluminum, and making certain types of .
joints, you will find it necessary to use backup bars (fig 2-19). " These can be either blocks,
strips, or bars of copper or cast iron. For,welding aluminum, nickel, etc., backup plates are”
used because these metals become weak just 5£fore the melting point is reached. These plates

are not only a reinforcing measure, but act as chill plates in that they dissipate the heat . . v
away from the weld area. Because of its’ good conducting quality, copper is particularly )
effective for use as backup plates. During are-welding operations, it is necessary that a w :
good ground cogtact be maintained and that the work be as stable as possible.. The use of . ° . .
C-clamps for clamping the work in position.is very good ror this. C-clampsicome in various ’
sizes-and should be selected according to the nature of the work. . . - : L
Ed *
' . ‘\_'

Fig 2-18. .Chipping hammer with attached brush.

" steEL on )
COPPER ..
Pags 7 PACKUP .
ALUMINUM
. PASS | \\i)/PASS‘J BACKUP .. )
» rs )I
AN A .
| - - .
0 10 %" '1" iT ¥ .
» Y \
- Fig 2-19. Using backup bars to weld aluminum. o .
e. Electrodes (fig 2-20). The bulk of your metal-arc welding work will be doge manually ( ‘

with the Shielded metal-arc. The arc develops an intense heat, melting the base metal and. .
forming a molten pool of metal in a localized'area.. At the same time, the eledrode tip melts .
and metal particles from the tip are carried across the arc into the molten po\gﬁ The arc and
molten pool are shielded from the oxidizing effect of atmosphere by the decomposition' of the
electrode covering. Electrodes suitable for shielded metal-arc welding of all kinds: and
thicknesses of metal,qlloyg are manufactured in a large variety of types and sizbs. Some of . -
these -etectrodes require an aAc'welding current; others are designed for yse with dc. Still

others may be used with either ac or dc welding equipment.. Electrodes a‘u;e classified by -

. ) R, '-.
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: rican ]ding Society (ApS) and American Society For Testing Materipls\‘(ASTM) Each ®

© - type o elect is clasSified by a number which indicates the welding p;fsit ons to which it '

vmay belapplie §cnera] discription mentioning the type of covering, "current, and :

.o _pol/&rity pece ed. Figuwre 2-20 illustrates the mamner in which electrod€s are classified
Yo by\ the Amer1 an Welding Society. To understand these classifications, let us look at how they

: : are arranged. Take the classification number E6010. The E represents the word electrode. [

- The first two numbers ~n this case 60, refer to ;he\tensﬂe strength of the deposited weld & '

. etal 1}1—’1,000 poupds per square inch (psi) ,-In this case, the electrode would have -a pull
o strength of 60,000 psi. The third nymber represents the positions in which this electrode may
: be applied. Number 1 indicates an/p’gsitions (overhead, flat, vertical, and horizontal). .
N . Number 2ydesignates a greataer<réstriction of welding positionsgince it can be used only in I S
- the horijontal fillet and flat “positionss/ "Number 3 in cates the electrode can be useqd only - :
W the flat position. “The fourth nymber in the classif¥cation‘system indicates subg/gps of
© which thfre- are. seven. This digit- Shows some characteristics are as follows:

—~ ' 0 = Use~dc -current with reverse polarity, except,.that in cases where the last two
— . digits arve 20 or 30, e,g., 6Q20 or 6030, ‘either curr or polarity “"}Jhe used.
A o -1 = Use ac or dc current with reverse go]arity Giveﬁ deéep penetFation ¥ith a high -
quality weld. '
o "2 = Use dc current, straight polarity. or ac current ov’ﬂy Gives mgdium penetration

with medium- quath welds., 3 - ,
Ac or dc current, either p(?l arity with nght penetration m fum-quality welds. -

Use ac or dc current medium penetration and a fast rate ofmetal deposit

= Dc current with reverse polarity., Moderate’ pegetration an

welds. ~ ?

0\-
\VA
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about .the same){mﬂities as

§ oy - 6 = Ac current, reverse polarity, high-quality welds w
LY e number 5. W
Vet - - 7 7 Y
N N : , / ™ .
r ¥ Tovering ETectrode "Z CapabTe of pre- heneral descriptipn K /
, classification during satisfac- . ' "
N » tory welds in : ) _
o positions shown- ™~ = . _ - * ) s
. \ N - A
' L.ight coating £45102. Fo ¥, OH, H ' -, Sulcgated. or light-coated elec- ’ _
) - trode for use in manual welding. ' =
r . but sometimes’ used for machine ’
welding. ' - .
E45200/ H-fiNlets, F . . ._Light-coated electrode for nsé
“ Lth h1g|\ speed machine weld-
\ 0 . ing. May be used for mahual
V’f welding.
Heavy covering £6010C/ , F, V, OH, H . . For- use only with dc reversed
, polarity (electrode-positive).
E601LC_/, - F, VvV, OH, H L For use .with ac or dc reversed
L. ~ polarity (electrode positive).
E6012¢/ F, V, OH,"H . .  For use with dc straight.polarity
L (electrode negative) or ac.
E0613¢/ F, V, OH, H . . For use with ac or!dc straight
: . polarity (e]ectrode negative) on
~ ‘ ) light-gage metal’ —
E60200/ - H«fillets, F ." . For use with dc straight. po]arity
(electrode negative) or ac f
, horizontal fillet:welds and dc .
(either polarity) or ac for flat- v
- , ' : position weldin
. A E6030¢/ . . . Fo o o v o0 For use with dc ?either polarity)
. or ac.
Heavy covering "£70104/ . “F, V, OH, H . . For use only with dc reversed 4
] ) . . . .polarity (electrade positive). - .
g7o11e/ . . . F, V, OH, H . . For use with ac or dc reversed
' : - polarity (electrode positive). '
‘ , gror2d/ ., & Fo Vs O, H .. For use with dc straight golarity
. " (electrode negative) /or ac. S
- , . _ E70209/ . .. H-fillets, F . .  For use with dc straifght polarity ;
g .. " oot (electrode negative] or ac for } ¢
S _ - t ) horizontal fillet welds and dc
< ' : ' : (either polarity) or ac for flat-
. . o position welding. -
¥ : - Fig 2-20, AWS electrode specifications.
2-18 62
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Covering ETectrode CapabTe of pro- . General description ; ‘
/tTh({ifiCation No during satisfac- : -@
\ o tary welds in . {
» . __positions shown-
> g7030d/ . . . Fe oo vyg ... Foruse with dc (efther polarity) r
i " B t Oor ac. Vi :
Heavy Loating  E80108/ . . . .F, V, OH, H For use only with dc reversed 3
f -~ ' polarity (electrode positive).
< ggo1e’ ., . ., F, V, OH, H For use with ac or dc reversed ra N
\ ' y polarYty (electrode positive). -
; Egso12e/ , . . F, V, OH, H For use with dc straight polarity .
. : ' . (electrode negative) or ac. //)
gsojoe/ . . . H-fillets, F . .  For-{ise with dc straight polarity
) . (éi§strode negitive) or ac
- = horijontal fillet welds afd dc _
v (efther polarity) or ac for flat-
‘ ; position welding. . - N
£80308/ . .". F. . .~4.. ..  For use with dc ?either polarity) .
- or ac. K
ggorof/ . . F, V, OH, H For use only with dc reversed y
n : polarity (electrode positive).
£9011f/ F, V, OH, H For use with ac or dc reversed -
polarity (electrode positive).
E9012f/_ F, ¥, OH, H For use with dc straight polarity
(electrode negative) or ac. . . .
. £9020f/ H-fillets, F YFor use with dc straight polarity . X o
(electrode negatlyejfbr ac for » (
s * horizontal fillel welds and 'dc .
\ (either polarity) or ac for flat-.
' - position weldin {
gwsof/ , Fov o ov v v »  For usé with dc ?ei ther polarity)
or ac. R .
Eioﬂigﬂf F, V, OH, H For use only with dc reversed L -
) . polarity (electrode positive). ;0
_ Elooilﬂf S F, V, OH, H . For ,use with ac_or .dcireversed
- . . " . o & polarity (electrodejfositive). .
i _ ElOOlZQ/ e F, V, OH, H . For use with.dc stra¥ght polarisy
) : . (electrode negative) or ac.
’ . - El00209/ . H-fillets, F . .  For usg with dc strafght polarity
® (elei'ode negative) or ac for
: . . horizontal fillet welds and dc
. ; (either polarity) or ac for flat-
: N position welding.
£100309/ Fooe e .. For usg/with dc &eifh)er polarity) -
or ac.

a/ The abbreviations F, H, V, OH, and H-fillets indicate welding posi¢ions as follows‘ F-:
flat, H - horizonta]_ vV - vertica] OH - overhead, H- fillets --horizontal fillets..

b/ E45.series. - Minimum tensile strength of deposited metal 45,000 psi in nonstress-relieved
' condition.
60 00d//5; in‘stress relieved ‘ -

d/ €70 series. - Minimum tensile strength of deposited metq] 10,000 psi in s;ress-relieved

¢/ E60 series. - Minimum tensile strength of deposited me
& condition; 62,000 psi in nonstress-relieved condition.

condition ‘ .
e/ EBO series. - Minimum tensile strength of deposited metal 80 oooﬁhsi 1in stress- r eved s
~  condition. o ' - _ .
; \ ! ¢ .
f/ E90 series. - Minimum tensile strength of degg;ited netal 90,000 psi in stressJPeTie ed l -
. condition . _ L. " /y « j§\\
g/ EV00 series. - Minimum tensile strength of deposited metal 100,000 ps{ stress-relieyed 7
condition; :
. ‘ ) . .
Fig 2-20. AWS electrode speéifications (continuqﬂﬁf’ v ( Z
_ _ . . .
2-19 . .
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In general, the materials in the coatipg of a shielded-arc electrode determine the polarity and
also control penetration. E6010 gives’ greater ‘penetration than does E6012 under identical ,
conditions, This does not mean that \greater penetration is obtained with reverse polarity, it
merely means that coatings of the typ d on E6010 class usually result in electrodes that
—give greater penetration. Electrodes operating on either polarity usually melt at a higher
rate when the electrode negative (straight polarity). Therefore, a higher travel speed is
ordinarily employed, rdSulting in less penetration. Ordinarily. knowing that a straight
polarity electrode gives less penetration is sufficient,
(1) All-podition electrodes. There are two subtypes under this group: reverse- :%-
- polarity alT-position electrodes, and straight-polarity all-position electrodes.
The reverse-polarity shielded-arc electrodes have a coating of appreciable
thickness which is comprised essentially of cellulosic materials (wood, flour,
etc.) The straight-polarity all-position electrodes also have an appréciable
coating thickness, but the coating in this instance is made up of cellulosic and
mineral materials. The lesser coating thickness, together with .the arc action
created by these materials, makes it possible to weld in the flat, nhorizontal,
vertical, and overhead positions with electrodes of diameters up to and including
3/16 inch.

(a) €6010 all-position, direct-current, reverse-polarity electrode. The E6010 all-
position, dc, reverse-polarity electrode is the best adapted of the shielded-
arc types for-vertical and overhead welding. It is, therefore, the most *
extensively used electrode for the welding of steel structures which cannot be
positigned and which require considerable welding in the vertical and overhead
positions. The quality of the weld metal is of a high order and the
specifications for this classification are correspondingly rigid. Electrodes

of this type are unable only with direct current on reverse polarity (electrode

positive). The essential operating characteristics of the electrode as follows:

Strong and penetrating arc enabling penetration beyond the root of the buth
or fillet joint.

Quickly solidifying weld metal enabling the depos1t10n of welds without
elcessive convexity and undercutting.

'Low quantity of slag with low-melting and low-density characteristics so as
"not to interfere or become entrapped when oscillating and whipping
" techniques arexused

Adequate gaseous atmosphere to protect molten metal during welding.
(o) E6011 all-position, alternatingfcurreﬁi electrode. The £6011 all- position; ac

electrode s intendéd o have similar operating characteristics and to be used
“for simiTar welding applications as E6010, but with ac.

Type electrode is often referred to as a "podr Titup electrode” because of
ability to bridge wide gaps in joints. It .is-particularly well adapted for
SIngIe layer welding or horizontal fillets. This type is very extensively used
in steel fabrication because it offers economy due to ease of use and high
welding speeds. The usual operating characteristics.of this type of electrode
are listed below: o y '

(c) E6012,all—posit1on. direct-current, strafgnt polarityihectrode The EGOIZ\I5
i

Suitable for use with dc with either straight (electrode. negative) or
reverse (electrode positive) polarity, and with ac. Straight polarity is
preferred because of a more direct and stable arc, .

Adequate penetration in order to reach the root of fillet and other joints,
but not as d®ep a penetration as with E6010, in order to enable the filling
of wide gaps without burning through. The small diameters, such as 3/32
and 1/8 inch, are especially adapted for sheet-metal welding without
tendenty to burn thréugh the sheets.

The slag is more abugdant and covers more of the pool than those of E6010
types, but it is not as abundant or as fluid as those of £6020 and E£6030
types. The slag solidifies very rapidly just below the freezing point of
ths)metal and is generally dense and close fitting to the deposit.

) " ’
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The molten #fetal may be considered slightly more fluid than that of the . .
"£6010 type, but not to the extent that this electrode cannot ,be used Jn

} * all:position welding. The molten metal and slag characteristics contro) . -
the shape of the weld deposit and make the electrode especially suitable h N
for horizontal fillet welding, producting flat or slight]y convex beads
without undercutting. Many of the electrodes of this type are suitable for
vertical welding in the™downward direction, although for some purposes, the
penetgation and throat thickness are insdfficient. In-vertica) ‘welijing.in _ -

. the upward direction, small welds are Tore convex with wider spaced ripples ~ -

*  than with the E6010 electrodes. . e

. . . v _
(d) E6013 all-position, alternating-current electrodes. The E6013 type of © - =~ ¢ -
electrode Ts inténded to be simiTar to EG0IZ type, but with improved arc - JR

characteristics with ac. These improvements are necessitated by. the fact that
. many types of ac machines have awrelatively low open-circuit voltage and demand
e easily ionized coating materials in the electrode for satisfactory operation.
r The applications for this elactrode are the same-.as for E6012. , . <

- (2) Flat-position electrodes. Electrodes of this type are covered by'clqﬁsjficatiogé' \ .

: E6020 and E6030. These electrodes usually have a-very heavy mineral coating - -
~in consisting principally of metallic oxides, asbestos, clay, or silicates. 'These -~ : :
electrodes depend upon the slag for the shielding action, -They are used with high
currents, and the molten metal is very flefd. This combination of extreme fluidity o

) ' of the molten metal, together with the large amount of slag, makes, it practically . -
—— impossible to weld vertically aag overhead with these electrodes. . .
(a) £6020 horizontal fillets and flat positions,.direct dr alternating currént. .

The £6020 efectrode s designed for the praduction of fTat or concave surface : :

fillet welds ‘in the flat or Worizongal positions, with either dc or ac, - This o

electrode has numerous applications where very high quality weld metal fs- .

required and where work is positioned, such as in the fabrication of pressure .

vessels, machine bases, gun mounts, and similar structures. The essential. o

operating characteristics ‘are as follows: ' . ) ‘

N Usable with eitheryac or d¢. It is mainly used with ac but when used wit
) dc, straight polarity is preferred, especially for the welding of , ‘ ]
. horizontal fillets. : - . . : .

< % Le

The main requiremént of the electrode is to produce horizontal“fillets of ' s
flat or concave surface without undercutting. This necessitates that the -
. molten metal and slag be comparatively fluid, that the metal be .
A quick-freezing, and that the slag continuously cover the back portion of

the pool and actually wet the molten metal. . .

A

- ~

Slags of this type are not-‘quick-freezing, but remain as a pldstic glass
N ' for some time after the molten metal has solidified. The slag .and metal

"..are both too fluid to permit general welding in vertical or overhead
: positions. ~

g . While specifically ‘designed to meet horizonta) fillet welding requiréménts, . . E

: the electrode is also adapted to the welding of butt or other flat-position . e
joints. - : . . .
The-physical properties of welds are 6f a very high order, especially in* .. |
elongation. Radiographs show that properly made welds are practicaHy - v s
perfect. : ' . '

¢ : ‘

(b) E6030 flat-position, direct or'Blterﬁating‘current. The E£6030 type overlaps
with E6020, but particuTar attention is given to its use in butt welds. It _
differs from £6020 in that it produces a smaller amount of slag and a less ° ok
fluid slag and a less fluid slag, thus decreasing the possibility of slag
interference and deep grooves. It.is not as suitable for horizontal fillet
welding due to insufficient slag coverage of the molten pool. Electrodes of _ .

5\\\\/, this-type are used in flat-position welding.of pressure vessels and<numerous '
other objact®. It is necessary that the weld deposit meet the Wgghest
standards of X-ray and physical property requirements. Essential operating- , _ o e
characteristics ace Iisted below: - .

This €lectrode is adaptable for aGse in narrow- or wide-groove butt joints, ‘\
. providing adequate S$lag coverage for weld shape and protection, but not
) slag interference with the arc. . . -

. g 2-21 3 ' |
Q o - .’ (;ES e ' . Ll




ag

- . | . J
. Slag rust wet metal surface and produce a concave we)d within the copfines
-« - of the groove.

The slags are porous and, therefore, are very easy to remove. They have a
hardening range extending considerably below the freezing point of the
steel deposit. A \

(3) Eltctrode classification by bead shape:. Mechantds will arc-weld various types of
steel more often than the nonferrous métals. Therefore, the following method of .
classifying electrodes for steel welding should prove very useful. The ~
tlassification is based on the shape of the bead which is obtained wﬁbn arc-welding
‘with a particular electrode

( Flatbead type (class E6010). The E6010

athead type may. be classified as a gen- - .
eral-purpose electrode because it is used . v L

for a wide variety of work, and it;szfses-
e

L -ses high average physical charactenstfcs. e

\ N It has_a heavy coating and {s. best. shited '

) . for direct current with electrode positive.

- -In smaBler sizes (3/32'in, and smaller) the -

v E6010 is suitable for use in all positions.
“The 3/16-4n. size is specially made for all
‘positions. It.is suitable for fillets, deep
grooves, and all types of joints in all
sizes. £ has deep 'penetration qualities ¢
and 1s ustd very satisfactorily on square -
butt joints where the electroded actually

_scarf or melt tmes It produces” a .
rather- flat -bea neral type as.shown' in

tigure 2-21. \ ‘.
oL - Fig 2-21. Flat béad produced by
'-‘\ﬁ;’ﬁ' . - 't . 4 .-class E6010 electrode.
. {(b) Convex-bead type (class E6012). The
. ., cTass E60TZ convex-bead type of elec- -

trode has -a heavy covering ond ‘gives
best results with ¢t current with X e - .
the .electrode negdtive, or it may be . . &
used satisfactorily with alternating s e ' :
current. Sizes 3/32 inx and smaller . ' ' -
are suitable for all positions, al- o : o
though 3/16 in. often i3 used in all - o~ .
positions,. and in larger siZes for " - i

welding in-flat positions. It may be '’ —
used for fillet welding, single, or

multiple pass, and it can.be used for -
‘bytt-welds of the V- or U-groove . w
type. Because of its disposition o
characteristics and -ahility to build
up, 1t is frequently used where fitup
1§ poor or where a small admixture of
base metal is desired. It produces an -
exceptionally smooth bead, which is .
‘somewhat convex as indicated in figure

2-22. s N .
Fig 2-22. -Smooth, convex bead produced
e . 7 by class E6012 electrode.
:'> I’ 2 :-
Y
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- , (c) Concave-bead type (class E6030). The - '
' étonttve;ﬁeia’type of electrode has a ’
heavy covering and can be used with
difect current and with the electrode .
either positive or negative, or it can
be used with alternating current.. [t
is used in the flat position only, and
it is.pot suitable for vertical or
over-head work., This type is used for
- fillets or butt joints of the V- or U-
groove type. [t flows very readily,
producing a heavy slag cover on the
"weld., [t is sometimes known as the
“hot-rod" type. It produces a very
. ¢ smooth bead, Sslightly concave, as shown
- in figure 2-23 when welded in grooves
or position fillets, but not so concave
when fillets age horizontal .- . , .
" \TL ‘ .. - Fig 2-23: Smooth, concave bead -

-

’

. produced by classes £6020
- - and E6030. -
- 1 ~ A}
. . _ A
o EXRCISE: Answer the following quest1ons and check your responses with those listed at the
' _ . end of this study unit. - .
1. Select the two factors used to determ1ne the size of weldinq cables to be used
whé)e welding. . .
a. Type of metal and the voltage used
o oo b.” AmpeFQg: rating of the welder and distance from the work
T c. Dist from the work and.voltage output :
@ Type of metal welded and type of electrode used
2. Define "Personal Protective Devices".
AN |
. 3. The dlear cover gss‘ in a we.ldjng helmet is used %9
T ' a. protect the afes from: sparks. T . ’ : ’
b. filter light rays.
c. protect the colored lens. :
d. improve-vision duﬂinq welding s
4. If you must weld and appropriate protective clothing 1s not _available, 'the next
. ~ safest Clothing to wear is . . -
a. cotton. - c. rayon. .- R -
bsilk, ~ d. wool. o 23
‘5. An area, which 15 utilized for arc welding, Sshould be;oéinted
“a. Marine Corps green. . . c. flat black.
b. flat o‘.re-drab L d. camouflage.
6. When you are wel@ing with an amperhge rate of !50. you should use a number )
shaded lens : o - .
,b. 6 ' S « . {1 o ' . : _ . ]
. . “ ~ . [y
v - 7. The polatity to be used with a specific type of electrode is determined by the
—- a. type of welding machine being used. '
A b. size of the electrode. ' s '
¢, manufacture of the electrode. _ RS ;f?mb )
d. eledtrode coating. : o N
- . - . 2—23 ,‘ : [}
\r ' ’ -
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-~ 8. An E6012 electrode produces a shaped bead.
a. -flat ' c.  Convex
b. concave d. round

9. The e]éctrodé,'which is preferred for f1lling wide gaps in a joint, is

. a. E6QO. 1) o c. E6072. o
b. E60T™ ' d. E6013. . a
10. The purpose of thorqﬁ@hly cleaning the area to be welded is s

a. so the welder can see-the joint. _

b. to prevent gas pockets from forming. . ]

c. to justify the amount of time it takes to complete a job.
d. to assist in painting after the welding is completed. '

[}

11. State (or"break-8cwn) the 5 d1g1t'numbgr wh ich appearé on an electrode. &
& a. ! a4 .
b. - - 2o
c. R
d. i 5 ' ' N

12. List the nine items®of tools and eqhipmen@ that are used in arc-welding.
. L= : . ", 1\

. . \ : . . " .
. . ‘ S ) . )

Work Unit 2-4. ARC-WELDING MACHINES

QO oS
T —h ®

" IDENTIFY THE TWO TYPES OF ARC WELDING MACHINES. , _..eomey

e

(  MATCH THE PURPOSE OF THE GAUGES AND cdﬂyaets”ﬁ& THE LM-62 WELDER WITH THEIR NAMES.

In this major categofy of welding equfﬁhnnt, there are two brcad typés of machinés,
those that use direct current (dc), angwtﬂﬁse that use alternating current (ag). Direct
current, as you recall (from para 2-1); refers to a steady flow or stream of electrons in one

direction. Alternating cwrrent, or the other hand, refers to a 2-way flow of electrons, first:

" in one direction and then in the other. Arc-welding equipment differs not only as’to ac or
dc, but in a number of other-ways. For example, a given piece of equipment may be stationary.
or portable, single or multiple-operator, motor-generator, gasoline or djesel engine-driven, a
resistor unit, or a transformer-type unit. In addition, the several types also vary in their
heat output, that-is, the number of amperes they deliver at applicable arc voltages,
Regardless of the type of unit, the current source must be sufficient to striKe and hold a

stable arc suitable for welding.. The curremt is obtained principally from one of .the sources: -

discussed helow.

-

~ ~

a. -Direct-current welders: The first source of current is obtained from an existing dc
power source uSed Tn conjunction with resistors to reduce“the voltage and current to the >
amount required for welding (fig g§g4{.' This source -is used with a line-resistor unit as a
part of the welding system.  This Sburce must not exceed 120 volts. A greater voltage
constitutes ‘a hazard to the operator. A sg¢cond power source is a dc generator with variable
voltagk characteristicsy that is, the generator is so designed that lvers a voltage high
enough to establish the arc and then reduces this voltage as required to mawgthdin the arc
during welding. A third source for welding current is a rectifier which converts_an ac .
povered source to a dc welding current, This source does not depend on rotating parts to
provide a suitable current for welding. Direct-current welders have the advantage of being
suitable for.use on all metals. They produce very satisfactory results on the material, ‘which
requires low-current settings.® The machine that is most commonly used is the motor-generator
type operated by a constant-speed governed diesel-engine mounted on a trailer-type chassis.
Some mach¥nes have a switch for changing polarity. Others require that you reverse the
welding cables to change polarity. A pusﬁbutton switch located on thé control panel permits
easy stopping and starting. A voltmeter and ammeter or a combination of both permits the
operator to set the machine at a prescribed output. Current ratings represent the amount of

current that the machine will generate continuously for 1 hour without exceeding a specified “\_

temperature rise. . "

L 4
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;" : * Fig 2-24. Connection: of 1ine-resistor welders to a 115-volt, dc, ~

A ‘ 2 wire dpstribution board--reverse ‘polarity. B IR ’

) , : )
_fg/j;f (1) Model LM-62 welding set, arc, trailer-mountd~(fig 2-25).. This is the welding set .
B presently in use by Tthe Marine Corps. T Ts a diesel-engine-driven, self- E .

= 2N contained direct current welder #hich consists of arc-welding equipment, but it

. _also provisions for gas-weiding apd cutting torches., The welder s’ tatally
® - enclosed i a shekt-metal housing mounted directly on a modified M200A1 trailer,
. Hinged doors prowide access to the engine, gas-welding equipment, and* the various
’ engine and arc-welding controls and indicators. 1n front of the encl®lure -are

provisions for three gas c¢ylinders: one oxygen, one acetylene, and one “argon.
The oxygen and acetylene gas are for the gas-welding and cutting torcﬁes. The -
argon gas is' used in conjunction with the sigmette unit for inert-gas aluminum
welding, - '+ ° : : S : . '

3 . -
- A -

M-62. s

v * -(a)"Theory of.operation. The engine is a GM DRtroi® diesel model 2913, 2-cycle, .
oo water-cooTed engine. It is directly coupled to .the dc generagor. .The welding’
o generator, with its attached exciter; converts mechanical enevrgy to electrical '
- energy. The exciter is a heavy-duty,.Se]fbexcited,.shuntfwound dc generator )
which provides a nominal 115-volt dc -excitation voltage, for the welding ’ .
generator. - The exciter also provides 115-yo1t dc power to operate small
¢ Randtools and 1ights connegted to the utility outlets*on;the'toh@rol panel; .
owever, if the voltage required is critical, the output voltage should be ' >
measured at the utility outlet and the engine speed shqyld be set at the = :
) . "desired voltage. The - voltage, range provided -with" the operating range-of the
e, 0 engine can damage many small electrical tools or accessories. “The -exciter fs
rated at 5 kw (kilowatts)’, The power for the main generator field is T

-, ~
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_controlled by the jop selector (voltage control)urheostat. The voltage control rheostat and
the polarity.switch Yetermine thes polarity and voltage level of ‘the fixed field of the main
¢« generator. The main generator has three fiklds. -The first is excited at & fixed level from
the exiter as described above. The second is a sgrias field yhich is excited by the welding
current so that the more current drawn by the arc, the higher will be the excitation in order
to sustain the current at the.desired level. The third field is a shunt field which bucks or
tends to cancel the effort of the series-or Secoad field. The current in the st field is
: _controlled by the setting of the turrenttcontrol reactor. Witn the current control.set fot
N : max imum ‘current output, the shunt fieM would receive -very little current tp buck the series
field, and current output would be max imum, rf‘fhe current control is set for minimum output,
the shunt field réceives maximum currént,” canceling»the effect of the series fieid and
reducing the current qutput to minimum. The generator- ¢ rated 300 amperes at 40 volts with a ..
duty ¢ycle of 60 cpf (cycles per second), and the current range is from 60 to 375 amperesg;

Yo Y ' Sob .

"

v ".,‘ (b) Controls and instruments. This subfaragraph describes, locates, and
. iTTustrates the Various controls and instruments of the welding sep.

1. Engine contrals (fig 2-26). The engine control panel is located in the E

/- ‘ _ —" 3Ft section of the instrument panel. The controls and instruments . _
3 ' - reauired: for the proper operatiorf of the engine are described below. ‘ B
| L oa MT‘(&T"C’QMG,\G W[Y(’a - ‘munﬁtn“ %
v . ot N -~
Thaw
. - -\
: <
. . Q -t o Fig 2-26- ‘Enginé controls. .
a. Hdur metei{ Located at the top center of thé-engine instrument . E
. i —  ‘panel. lg@ﬁndicates total hours of engine operation. . '
. g N ' . : .
) .- b. 'Fuel gade. Lbcated at the top right of the instrument panel, It o
. — Tndicates the quality of diesel fuel remaining in the tank. )
oL . ‘s . ' ' R -
; c. Battle switch. Located at the cepter right of the 1 trument panel.
&4  #nis switch disconnects all safetyir"cuits to the e:Qin.e. v
d. Water {emperature gage. Located at the bottom }ight ofﬁthe instrument
"~ panel. Tt indicates the engine coolant temperature. -- o !
[Y .. . . U] . » .
_ e, ’Oil-preésure gage. Located at the bottom left of the panel. I
= . . Trdicates engine lubricating.ofl pressure. . . - >
L - \ . /
° f. Starter button. Located at the center left of the engine control §
panel. It energizes the starting motor to crank the engine, . \
' g, Battery-charging ammeter. This indicator is “located at the top left '
. . oF the engine control panel. It indicates the charging or discharging
rate of the battery. o : .
o h. Panel light’switch,' Locatedfon_a separate panel directly below the -
. ~ ‘engfne control panei: It turns on panel lights-to illuminate controls .
" ’ 2 and instruments. e ' ‘ }
Ay N -. . . - ‘ »
2-26 - :
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¢ .
2. "Welding generator controls and istruments (fig 2-27). The welding
generator controls and instruments are Jocated on the forward section of
the cantrol panel. The contrqls for the proper operation of the welding
generator are described below .

1Y 1 ‘_;-;).‘
ua&*;.tﬁiﬁl %‘
"HTAR YOS BRATY A LR

LYY -.:Z“‘S

Fig 2-27. Welding generator controls -and 1nstrum@hts.

a. Current control. The current control is located at the top of the
generator panel. Its purpose is to vary the current output of the
welding generator. ’ ' 3

b, b. Voltage control {job sector). Located at the top center aof the
generator control panel, the voltage control varies the exciter
voltage of the welding generator. .

R C. Polarity switch. Located in the center of the geﬁerator control
_ panel, this switch controls the polarity of the electrode. Electrode
‘ . polarity may be switched from positiveﬂ&y negative as required.

d. Utility outlets.. Located at the bottap left of the generator control
; panel, the utiTity outlets supply voltage for small too]s and ;
accessories, . . , :

Sigmette outlets. Located at the bottom left of the generator control
angl. The sigmette outlets permit the welding of aluminum or
mal1-gage metal. ' ' )

fed

Welding selector switch. Located in the center of the generator
control panel, this switch permits the selection of the output
“terminals of the welding generator or sigmette outlet.

-

-

“ 9. Welding generator terminals. The welding terminals are located on the
v bottom of the generaltor panel. The electrode holder and work cables -
are attached here to obta' welding current, )

-

(c) Operation. Prior to operation.of the model LM-62 weldinglset, or any '
equipment for that matter, a complete inspection of, the unit must be made.to v
insure safe and contipuous operation. Most of this” is by the "eyeball™
method~ The following services myst be performed prior to-operation.

1. Remove the radiator cap and fi11 the radiator and cooling system with '
~  fresh clean water. If freezing weather is anticipated, the system must be
protected. Add sufficient antifreeze to_lower the freezing point of the
coolant to the lowest expected temperatu?e. Remove -the: o1l f1ller cdp and
+ fi11 crankcase to the full mark on the dipstick with the appropriate
& quality and grade of Tubricating oil. Remove and disassemble the air o .
cleaner. Make sure it is clean and fill the oil cup to the> level ~
indicated, using the same,grade of oil as used in the crankcase. Remove
: the fuel tank dap and 11T the tank with diesel oil conforming to Federal -
Specification VV-F-800. "Replace fuel cap securely. Fill the batteries
with-the electrolyte provided. The correct leve] of the -electrolyte 1s
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3/8 to 1/2 inch above the plates. Do not overfill. 4f the batteries

. contain electrolyte, check the level and add distilled water to the

required level. After these initial steps have been completed, a complete ,
inspection of the entfre welding set should be made to insure that' all

components are securely mounted and all connections are tight. Check the -
following prior to,operating and when securing equipment engine electrical R ‘é\\
system; engine controls and indicators; gerferator and exciter controls;

terminals, leads, commutators, and brushes;, engine head, block, and L .
accessories; trailer, paying particular attention to tirés and wheels;

on-equipment tools and equipment; and accessory equipment. - Report any

damage or missing equipment to the proper authority. Now the welding .

machine is ready to be operated, but there is still a consideration prior )

to the actual operation, for example, the operating site. The following . | Co-
recommendatfons and precautions should be considered in selecting a site. -

Indoor installation. When indoor welding operations are required, make - x b
sure ghat adequate ventilation is provided. A flexible metal hose should B
be used to conduct the exhaust gases to the autside. Locate the welder so
that the exhaust line is as short as possible. Avoid locations having . PR
water-soaked floors. :

s

. Qutdoor 1nsta]]at10n( When the welder is to be operated outdoors, see
- That the Tocation 1s on firm ground and that some protection is proyided L

from inclement weather. When the welder must be left outdoors overnight,
cover it entirely with a tarpaulin securely lashed in place. Position Che
welder as close to.the work.as possible so that short cables can be used.
The welder can be/operated in inclement weather without any special
protection, but ?hke advantage of, any natural protection that exists. If
an appreciable wind is blowing, face the engine radiator to the wind, and . -

chock tie wheels, ) .
. / . .
Operating-under normal conditions. Now that the machine is set up to »

weld, start the engine and warm up the welder. Follow the.next eight |
steps to_start the welding machine,

1st, . Place manual Jever on the governor in the IDLE detent .

2d.  Turn the battle,switch to ON. This electrically activates the ehgine
meters. Co o X, v

3d.” Depress the Starter botton and crank engine until it starts. Oo not
use the starter motor for more than-30 seconds at a time without
allowing 2 minutes for®the motor to cool between starts.

ath. Open the radiator shuttér doors. _ ot

: 5@%. After the engine has run~for approx imately 10 to 20 secondé, check

the oil-pressure gage. If it shows no ofl pressure at thé end of 30

seconds, stop the 'engine by placing the manual ‘lever On the governor

in the STOP position. Locate the source o?l}rouble before restarting

the engine. : S

c . ' . ' R - & e

6th. GheckFall instrument gages to determine if they are func€ioning

T rrectly. If there is any indication from any gage that a
omponent system is not operating correctly, shut down the machine

\and find out why. Check for .any otl, water, or fuel leaks.
A : 3 )

-

7th. 'Observe engine opefattbn for smoothness, quietness, and exhaust ‘&
condition.. . - : . .
. - w7y .
8th. -Before Star@in@ to weid, advance the manual lever on the governor to "g

RUN. » N
Selectign of the proper voltage and current depends on the size of the ~
electrode, the thickness and position of the stock being welded, and the -7
skill ,and experience of the welder. Selection of the proper electode and*
welding process depends on the type of metal being weldey. , Figures 2-28

and 2-29 give ‘welding information for various base metals and alloys. .
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T EVectrode N Anperes . . VEenqth
diapeter minimum max {mum L (in.)
' (in.) . :
- 1716 LIV . ¥ 80 11-177 . T
’ 3/32 0 90 14, or 1840 - y :
NN V4 ' 110 135 =14 or' 18
T 5/32 150 - 180 14 or 18 .
3/15 180 220 14 or 18 - ,
. 1/4 250 . - .o 300 N 14 or 18
. 5/16 - 300 * 425 ’ 14 or’18 .
~3/8 450 ' 550 1% or 18 . '
Fig 2-28. Curreént-setting range for bare and Tightly coated electrodes, -

. | 0
o . Y

)"M
ETectrogda Mineral coaﬁfd : CeTTuTose codted NV A

. Nze . Flat position - Vertical and * Flat position ~ L Vertical

- diafeter (ampéres) . overhead { amperes) overhead
(in.) T _positions . . . . positions :

: i (amperes) (amperes). . ' -

3/32 60 <60 T :

1/8 120 C 110 v 130 . : 110 2 ’
5/32 . 150-. 140 160 « 140
3/16 175 160 . 200 . 160
174 250 .- 300 .
5/16 . 325 P -. 400

3/8 425 i - 500 -

~
———

: L ' X
Fig 2-29. Cufrent setting -used wit;.,h~ mineral and cellulose coated edectrodes.

‘ oy The best way for 'an oﬁer‘ator to become: familiar with the operation of the
/- interacting controls is to weld sample beads on various scraps of metals
# With- different combinations of control sejtings and different -electrodes. i é
Y'Start the engine and let it warm up. Turn the polarity-reversing switch
-~ to OFF, With the handle in this. position, the exciter is disconnected" ~—
o~ / . from thé welding genewator and.there is no output from the welding )
\_ \—generator. Connect welding cables to output terminals and the-ground -
) clamp to a piece df scrap metal of a type listed in figure 2-30. Obtain B
the. type of material of electrode shown in figure 2-30. Obtain the type
- and material of electrode shown in figure 2-30 opposite the type df metal
T selected, and‘ place it in the electrode-holder,-“Jurn the voltage control
to.the center of theysector marked Normal lj,eh‘ﬁng Range. The voltage
control is divided ipto four colored sections. The yellow section marked
Large Electrodes gig®% a high open-circuit voltage and is used chiefly for
large electrodes. Phe b%( section marked Normal Weldifg Range gives a
, oo med fum-high op e AT tage“and is generally used on positioned work
Nl . “for some #&f the 'rmsize. electrodes or where poor fitting exists on
“ . ®  overhead or vertJ®¥e welding.s " The red section marked Overhead and ~
' Vertical prov ides® 8 aeduM-¥w open-circuit voltage to give sufficient
_ , . punch to the arc to"‘#& '*"theﬁ'geta] across the arc gap and give greater ~
* ) . penetratiof— Tg;s §_éttki g méy also be used for some of the smaller size

\
. PP
\

»

electrodes. Thd sect¥8n marked Special Applicationg provides a.stdn
lower open-circukt voltabe and  is used for special jobs requiring the
smallest size electrodes dnd very low-current values. At the present
time, the Marine Corps is modifying all model- LM-62's with a 75-ohm
resistor for low amperage control for welding thin-skin metals,” suck as
) aluminun alloys. Set the current control to the setting obtain%
< figure 2-28 or 2-29 and based on -the type and size of electrode e
a current control is calibrated directly in amperes. The plate on this -
. - Lontrol has three arrows--yellow, black, and red---which correspond top the
»three colored sections of the voltage control. When the voltage control

T 2-29
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. is set in the yellow section.of the dial, the approx.dmate weldina:?urrent
will be indicated by the yellow arrow of the current control. The/same 1S
~ L true of the black and red arrows of the current  control when the voltage

3

control is set on those sections of the voltage‘control dial. .

when the engine coolant -temperature has reached the operating range, turn

- the plarity switch to the positign recommended in figure 2-30 for the

type of metal being.welded. Use electrodes negative position for straight
polarity, .and electrode.positive position for reversé polarity, Weld a

) sample bead, break the arc, then turn the voltage control to the center of

: Overhead and Vertical pogition. Notice the difference in the bead, Use

J—

different current seftings; different metals, and different electrodes.
In that way you can improve your skill and also gain welding experience,

Base metal or alloy Welding Pol ar’iy vt Veﬂ(ﬂng- electrode Type Preheating
) ) process 3/  material . deq F .

ALUMINUM AND ALUMINUM ALLOYS

1. Pure aluminum (25) .MAW Reverse _ . “Pure-aluminum or - Shielded- 500 to 8do

T ’ ' 95% aluminum . arc
v 6% silicon )
. L 3
' CAW Straight . Pure aluminum or F1ux- 500 ‘to 800
. ~ 95% aluminum coated
. 5% silicon
2; Aluminum al\loys MAW Reverse 95% aluminum ‘Shielded- 500 to,800
(general) 5% silicon arc -
. . w CAW Straight 9sxw Flux-
5% silicon | coated °
m\3. “Aluminum manga- MAW Reverse 95% alumtnum Shielded- 500 to 800 .
nese- alloy (3s) : 5% silicon - arc _ i
. CAW" ® Straight 95% aluminum Flix- . 500 to 860
. 5% silicon - coated o
1, A[uninun-mag’ne'—* MAW s, Reverse ¥ ,,65% aluminum ‘Shielded- 500 to 800
sium-chromium 5% silicon arc
. -alloy (52s)
<
4 o &.
~ -CAW Straight 95% aluminum F1ux- 500 to 800
M 5% silicon, coated
* .

5.  Aluminum-m#gne- MAW . Reverse - 95% aluminum Shielded- 500 to 800
sfum-manganese . o = silicon arc S
.alloy (4s) ] ' L

CAW Straight 95% aluminum F1ux- 500 to "800
5% silicon coated :

6. A]uninum-sﬂicon-" MAW 4 Reverse « 95% aluminum Shielded- Up to 400
hagnesium alloys ' 5% silicon arc )
(51S) (53S). . , . -

' W Straight 95% aluminum Flux- Up to 400
5% siligon coated

7. Aluminum-copper Arc weld"i‘rig not recomended.
mangnese alloys ~ , NN .
Duraluminum (17S) '

, (245) '
8. ‘Aluminum clad ‘ Arc welding not recommended.

Fig 2-30. Welding process and electrode selection for varfous base metals and alloys.
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Base metal or 31Toy " WeTdTng Pohn:ityr‘ﬂf'; Welding eTectrode i'.'\Typ.e ‘PreheatTng
process 3/  material: c - - deg F .
2/ Welding process: . _ o s e
CAB - carbon-arc brazing ) ' L.
CAW - carbon-arc welding . -
) ‘MAB - metal-arc brading” - - .. {3\
. MAW - metal-arc welding _ . . ’
./

b/ stratght po arity - electrode negat@e reverse polarity - electrode positjve,
Y 4 .

‘e

— g -
CARBON STEEIS ) - _ * -
] . Low-carbon (up‘ to M ‘-'Straight " Mild stee) Bare or Up tp 300
g 0.30X C) ¥ ' light-
coated v
MAN Reverse Mild steel. - _Shielded- ¥p to 300
N . /\\‘ . are ) -
o - W Straight - . M{1d steel. . Use a Up to 300 :
' - . f]ux‘- . oot
N S - -_»_.,' ' L
MAB Reverse -~ Bronze o shfemed- Up to 300 '
' i L ' care -t
. i T ' ’
2. Medium-carbon MAW : gev'eﬁgg 'K;z_gﬂo or modmed *jeﬂded- 300 to 500
(0.30x to 0.50% () RS 8 stainless . arc.. .
' ' £ , - stee] S
. CMAW Y N Revfzrse oomid s cel o e Shielded— 300 to 500
U N #h- 5] rength arc - L ®
3. High-carbon -»MAH ngérsg 3 25 ?0 (}r quified ,Shi,‘l.ded#:;SOO to 800 .
. St ,18f8 staim ess - - '-arcg. © Stress-re- .- L]
ca . ...-}.‘T,’_/'r steel - 1ieve by .
\ .i‘.‘.’“f;‘f,';'xff{_ RS /" - heating -
P DA N - s 1,200 to ,
. . A '~ 1,450 for 1 .
,L;«.”'- oo f ' hc;ur per .
A . inch of : ¢
, \_\ } thickness .
e and cool
. , Slowly. ~ e
/ ,/.,".'-MAH 'Ré&er"se &  Mild steel or Shielded- 500 to 800
_ ’ S : X high-strength arc. . .
-t . : . . M
4. Tool steel (0.80% MAW . Reverse 25-20 or modifi Shielded- Up to 800 A
to 1.5% () L - 18-8 stainless arc
) . : Lo A steel
- v o - '
o MAW Reverse. - Mild steeu& Shielded- Up to 1,000
. . o ( h1gh streng arc :
) N v . . 1
P Fig 2-30. Welding process and eTectrode selection for various -
base metals and alloys--conttnued. \
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Base matal or alloy WeTding :  Polarity . Welding electrode  Type Preheating
- " process - material ~ deg F -
: CAST TRONS . )
1. Gray cast iron, MAW Reverse Monel, 18-8 stain- Shielded- 700 to 800
machinable welds 5 less steel or mild arc
' e steg’l .
- . -4 h
2. Gray cas’iron,F MAW - Straight Cast iron , Shielded- 700 to 800
: .. nonmachifable - . : ' arc :
; ¥ owelds. ' : _ . C K
MAB Reverse Bronze Shielded- Up to 500
. : arc .
CAB Straight  ~ Bronze "Shielded-. “Up to 500
- . . : L . ar ) _ :
- oo >
) . PR Ak - . -
3. Malleable 4ron, MAW Reverse ¢ Monel 18-8 stain- - Shielded- 700 to 800 :
machinable ; less steel or mild _arc Anneal-weld - o
' s}epl . R
4. Malleable fron,  MAW . Stratght _  Cast iron Shielded- “700 to-8002°
nonmachinable . . arc
= . ' welds . i : s ‘, . ) 4
e - . Y ;r/"’f' . N . ) ~ L
MAB - Reverse _Bronze ° : \leded- Up to Y
. - , _t . a'.' ] . o ‘) Ve
‘ CAB Straight Bronze " Shielded- Up to 500 .
\ ©age ¢
A 5. Allgy east iron ) ) Same as gray ’ A
: cast iron . '
\_‘. [N X . S i . . ‘
CAYT SPEELS . . o - @
v . e s ., . g, - e e , . ke
ST Y * PYain carbon (up MAW . Rewerse Mild steel S Shieldéd- 200 -~
| to 25% C)- *\ . Sy, 7T arg | .
) Y . 4 ' ’ _ NN N
. MAB Reverse Bronze " Shielded- 200 '
. v N arc - _ \
2. High manganese . MAW .0 Reverse Weld with 25-20  Shielded- no
{12 Min? : stainless steel arc ‘ L -
7 ‘ and surface with ) ' g
: R S nickel manganese AR .
3. Other alloys LOMAW Reverée ’ Mﬁ& sted® i Shielded- K
’ . : - T
COPPER AND COPPER JQLDYS * . - . AR .o o
. . v N : i v . ~ &‘;_‘ - « -
* 1. Deoxidized copper  MAW Reverse Deox idized copper, Shielded- 500 to 8Q0
) ;s . - phosphor bronze, arc T
. ) .. or s¥1licon copper A - " .
CAW - Straight - Deox idized copger, Shielded- 500 t& 800 |
; phosphor bronze, arc - <7 . ¥,
. ' or silicon copper - @ .
. ) - . ‘V . . ) . .
\ 2. Commercial MAW _ Reverse ° Phosphor bronze  Shielddd- “200 to 300"+ - 4
bronze and low, - . ' or silicon copper  arc - o,
brass 4 - "5l I X -
h . ’ 1‘\'. PR ] \‘- - a ?'- . ¥
Fig 2-30. Welding process and electrode “selection for various )
, - . base metals and alloys--continued. ¥
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' base metals and alloys--continued

2-33

‘

. - ~_ <\ e
. - Base metal or alloy Welding Pol arlt Welding electrode ~ Type ﬁreheating
R . process - . material . deg F
- ; B * )
CAST STEELS--contd )
/ ChW Straight” Phosphor bronze - Use a 200 to 300
/ . % o . or silicon cop\per flux
( 3. Sprjing, alty, CAW Straight Phosphor bronze Use 200 to 300
n yel¥ a\& “ flux
~ 4. Muntz metal,~Hobin CAW Straight  ~. ‘Phosphor bronze Use a 300 to 300
v f bronze, na\ral ) X . f1ux
« manganese bronze @'g
5. Nickel MAW Reverse  “"  High nickel alloy, Shielded- 300 to 500
.7 ’ phosphor bronze, arc
. or silicon copper
-~ 6. Phosphor bronze MAW ' Reverse $ Phdéphor bronze Shielded- 200 to 300
arc
™ caw Straight Phosphor bronze  Use a 200 to 300
. flux ' 2
7. Aluninun bronze  MAW " Reverse Aluminum bronze  Shielded- 200 to 300
v ' phosphor arc. - ‘ :
CAW “Straight Aluminum bronze Use a 200 to 300
o : or phosphor brogze f1ux .
* 4 (optional)
8. Beryllium copber- CAW ‘Straight 'Béryl]iun copper© Use a %0 to 800
- , , flux
| (optjonal)
|
IRON ) v i - )
. L. MWrought iron MAW . \ Reverse Mild stee) Shielded- No
- e : ‘ - " - &Y‘é\ R
. ) . e
* < ., ™ CAW - Straight - Mild steel Use a - No
- ’ flux :
2. A
MAB Reverse~ Brpnz‘@/ Shielded- No //
. arc
"(‘. w - B
2. Low-carbon iron MAW Reverse Mild steel " Shielded- ’(o
. . arc
ASN . - :
LOW-ALLOY HIGH-TENSILE STEELS - N s !
1. Genera) MAH Reverse Same as base \\Shgelded'- Yes
: metal or high- r ;
’ . , ~ strength or mild - )
' k steel, or 25-20
stainless steel
. 2. Nickel alloy steel MAW _ Reverse ‘Nickel alloy or  Shielded- No
4 (3-3.5% Ni) (Up to 25-20 stainless are * Slow cool
0.25% C) (More steel :
' than 0.25% C) . / . ,
; ) ’ MAW % Reverse Nickal.alloy or  Shielded- .300 to 600
¢ . - 25-20 stainless arc ’
' steel
- Fig 2-30.. Welding process and electrode selection for various™ ..



Base metal or alloy Welding PoTarity Welding electrode Type Preheating
: - ) process material ﬁ deg F
IRON--contd i _
3. Nickel copper MAW Réverse " ‘Nickel alloy or Shielded- 250 to 300
steels - 25-20 stainless arc i
\ steel . "
4, Manganese nmolyb- - MAW Reverse carbon molybdenum Shielded- 250 to 300
denun alloy steels ~ ' or special elec- arc
‘ trode . .
5. Carbon molybdenum _ MAW Straight Carbon molybdenum SﬁieldedJ 300 to 400
. alloy steels or . . arc \\m\,q -
o (0.10% C to 0.20% Reverse -
C) :
(0.20% to 0.30% C)  MAW Straight Carbon rolybdenun Shielded- 400 to 500
) or Reverse - ’ arc :
. . ‘ .
6. Nickel chromium MAW Reverse * sane as base steel Shielded- 200 to 300
alloy' steels (1%- or 25-20 stainless arc
3.5% Ni) (Up to steel
0.20% C)- -
(0.20% to 0.55%  MAW Reverse - Same as base metal Shielded- 600 to 800
C) ‘ or 25-20 stainless arc g
. steel . e\
. . F _ _
(High al1Toy MAW ~ Reverse Same as base metal Shielded- 900 to 1,000
content) or 25-20 stainles$s arc Slow cool
steel “
7. Chrome-molyb- MAW Straight or Chrome-molybdenum  Shielded- 300 to 800
denurn alloy steels Reverse ‘\ or carbon -arc ~ " Slow cool
! - .
o molybdenum
CAW Straight same as,lrase metal Use a 300 to 800 o
: c flux Slow cool
8. "Chromium alloy MAW Reverse Same as base metal Shielded- 300 to 800‘,}4>
' or 25-20 stainless arc _ )
C o steel or 18-8 ol
9. Chromium vana- MAW - Rever Chrome molybdenum  Shielded- 280 t6“800
dium alloy steels or carbon - arc
' molybdenum - o
10. Manganese alloy MAR erse carbon molybdenum  Shielded- 300 to 800
steels (1.6% . ‘ N . or pild steel _arc
1.9% n) ' \ s
4 NICKEL AND NICKEL ALLOYS y
+ 1. Nickel MAW : -‘<Reverse _Nickel Shielded- 200 to 300
C . arc
-f"‘ I3 ’ ’ - A
‘ : _ CAW Straight™y  Nickel Lightly 200 to 300
. g ’ : - - Fluxs '
N . , _ . coated '
¥ : - .
2. Monel (67% Ni- MAW . Revehse Monel . Shielded- 200 to 300
29% Cu) ' I R arc i 3
CAW Straight, Mone1 Ughtl):’?\zefo to 200
, flux- .
coated -

"

.

base me}qls-and alloys--continued.
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Fig 2-30. Welding process and electtode se]ecﬁion for various
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4”’;ase metal or alloy ﬁé‘dlng - Polarity Welding electrode  Type .~ Preheating
- deg F

process o <« materiat=

o NICKEL AND NICKEL ALLOYS--contd

3." Incone (79% Ni- MAW "~ Reverse 5 “Same as base Shielded- 200 to 300
13X CR-6X Fe) , ] metal farc

f

STAINLESS STEELS

1. Chromium allo MAW Reverse 25-20 or colum- Shielded- No
(12 - 28% Cr{S bium-bearing 18-8  arc
- stainless
2. Chromium-nickel MAW Reverse 25-20 or colum- Shielded- No
~alloys . ' S bium-bearing arc
. ‘stainless ’

Fig 2-30. Welding process and electrode selection for various
base metals and alloys--continued. -

(d) Accessories. 'The welding set, mddel LM-62, also contains provisions for gas-
: welding and hard surfacing of metals, as well as aluminum welding by the
- inert-gas method. Each of these methods «ill be discussed later in the chapter .

?

1. Gas welding. Storage space for the gas-welding regulators, hoses, and
other equipment 1is provided in the accessory box: compartment. Gas <t
cylinders are mounted on the trailer forward of the welding generator
enclosure. A tube s .Situated next to the cylifder on the left side of the
trailer for storage of 1ong welding rods. o

Sigmette unit. The inert-gas aluminum welding unit is $tored in the:
accessory compartment and secured in place an the shelf by a strap. A
receptacle s provided on the generator panel for connecting and operating
the sigmette unit, : .

Iro

] i : .
1. Hard-surfacipg welding machine (fig 2-31). A model HSM-62 hard-surfacing
machine, manufactured by Libby Welding Co., may be mounted on a bracket )
the forward end of the trailer. This unit is a separate item and is not
provided for on the machine. AN units do not rate this machine. It is
used to apply extremely hard alloys to the surface of a softer metal to

” - N
increase its resistance to wear, abrasion, corrosion, or impact. :
- ' . h -
'J‘ .
v = \ «
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(e) Organizational maintenance.

Item ’ T Key - I'tém

Dial- - E Caster

Handwhee | F C1lamp

Caster G - wLead »
Lead H s Cable assembly

Clip ! . '

Fig 2-31. Welding machine, hard-surfacing. }

“

This is defined as maintenance that ¥s Timited
Tubfication, and preventive maintenance. Organizafional 0
assisted by the operator, must perform the preventiwé]
that the welder functions. properly

Tnspection,
maintenance personnel;,
maintenance services tegularly to be sure
and to reduce the chances. of mechanical failure. Inspéctions by the operator-\
must be made before, during, and after operation of the welder. Inspections of
assemblies and subassemblies must include any support ing members and
connections, and must determine whether®the unit is in good condition, L
correctly assembled, secure’, or excessively worn. The inspection for good ‘
condition is usually a visual external inspection to_determine'wﬁether the
welder is damaged beyond the safe or seryiceable limits, or to determine if "it
is in such a condition ‘that damage will occur to the machine should it be '
operated. Before-operation services will be performed to determine if the
condition of the equipment has changed since it was last operated, ahd to make -
sure the equipment is ready for operation.. Any deficiericies must be corrected.
or reported to the proper authority before Lhe welder is put into operatfon.
Locate the welder as close to the workﬂas possible, with brakes set. Be sure
the ground is firm. If oﬁerating-ihdoors,'ventilate exhaust gases to the
outside air and provide adequate ventilation. GCheck the fuel supply and fill.
the tariks &f necessary.. “Theck the 0il level in* the cranktase and the coolant

. Yn the radiator. If antifreeze is used, allow" for expansion. Check for leads,

v paying.particulaf attent ion to the lubriecating and;too1inb systems. Make-a
visual inspection of_ the unit for missing components and loose bolts, nuts,

¢ -~
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screws, g)ring. etc . replace any that are found missing. When starting the °
welder _ see that no tools, rags, or other materials are left on top of the
engine. During operation of the welder, the operator is responsible for
correcting or reporting any deficiencies, malfunctions, or abnormal conditions
of the welder; also for checking the inStruments and gages. At normal
operating speed and temperature the no-load readinqs of the gages should be:

>

"Engine oil Dressure . . . . a. . ... .. .20-35psi . -
Battery-charging ammeter. . . . . . . . .« . . Slight charge
Coolant temperature . . . . . . . . . . . . . 1680-1800F - .

1f the engine oil, pressure shows an unusual drop, stop the engine immediately
and check the unit and lubricating system for cause. Correct the trouble
before restarting the engine. - The same procedure should be followed if the
engine cooling system boils over or the témperature rises above normal. The
operator must also be alert for upusual or faulty operation, such as failure of
engine to return to idle speed when welding™arc is broken, or for excessive
. : smoking or vibration. Check the welder thoroughly and either correct the fault
\ or stop the engine and report it to the proper authoritw with only brief
\ experience, the operator will become accustomed to the usual sounds of engine .
‘ . operation and will become familiar when strange na‘ses occur that are no¥ : o -
- characteristic of a normal operating engine. When noises other than normal )
occur, stop the engine and determine the- cause and correct it before '
‘restarting.. During halts' (engine shutdown) even those of short duration, it is
the.responsibility of the operator to thoroughly inspect the welder and correct
any deficiency noted. The unit must be Jubricated at specified intervals to -
minimize wear and prevent damage and breakdowns. Use tbe correct lubricants
and do not overlubrtcate Wipe off all excess and sgilled lubricants after
application. Follow the lubrication chart appropriate to the welder. When
* performing organizational maintenance, do not attempt repairs that you are not
. familiar with? are not in your area of responsibility, or are not classified as
o ‘ organizational maintenance. These are the duties of experienced personnel and
- higher echelons of maintenance. Organizational maintenance is performed by oo
maintenance personnel assisted by the operator at weekl d monthly
— . intervals. The weekly interval will be equivalent to 60 hours of use. The
v monthly interval will be equivalent to 4 weeks or 240 hours of use, whichevei .
' s ' occurs first. The preventive maintenance services to be performed at these-
regutar intervals are listed in table 2 1.

Table 2-1. Organizational Maintenance of Model LM-62 Trairer Mounted Arc- Welding Set.
S g ’ x

A

v . . N -~
. -

Intervals®

.- . S . L

¥ ) Procedure - _ ' . ' : .
.%E N /\ & \
' T —7 : L
SETHEY | ~
B 3 * - , -
¥y S 5 ’ - . .
X X X Before operation sgrvices. Check and perform services. listed previouély in .
' paragraph 4-2a {1)/(c). ’ ' . i - :
X. X X Lubricdtion nspect entire unit for missingabr damaged lubricating fittings ’ -
. ~and for 1 aication of 1nsuffic1ent lubrication o . o
-~ X % X } Fittings.' Replace mi¢sing of; damaged flttings Lubricate as“specified in s R
ubrication guide T . 5 - . ;
X X X« Tools and equipmeht lnspect condltion of all tools and equipmeut assigned to _
- , the Welder. Check conditiom and moufting of toolbox. v
1 . -~ . . - . . “\ lwo-
- 4 . .‘ n ’ 4
- . ' ‘ 2_37 . . , . ‘. . :
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Table 2-1. -Ofganizationgl MaintenAnce.of Model LM-62 Trailer-MounteduArc-Nelding Set,

Intervals .-

Procedure
P
23| - et .
LY . :
g ol Y ) ' ¥
g BzolE Al . ‘ ¢
Psg§ 3
28 - o i
Ky ) . / \ Ehb e - .
X Xe X . See that all tools and equipment: asstgned to the welder are clean, serviceable, .y
. and praperiy stowed or mounted. See that the toglpox 1s in good condition and -
- that the 11d closes and fastens properly. = . e
X X X ,AppearanCe. Inspect generaL appearance of unft, paying particular attention ‘to '
cIeEness. legibility of identification markings, and conditioq_of paint.
-— X X Corrett of report- ~any deficiencies noted. -
_ e ENGINE AND ACCESSORIES S A e _
- < : ) . o -
X X X Cylinder head, manifold, and gaskets Inspect cylinder head manifold -and .
T exhaust pipe for Teaks, Toose or,mlssing bolts, and defective gaskets., . .
- X X Tighten or replace any loose or missing manifold and exhaust pipe mounting
o & bolts, nuts, and lockwashers.™ -Replace amy defective gaskets. +On new or
. reconditioned engines, check all cylinder head bolts for tightness at the first
' ~ weekly service.* (The correct torque wrench pull is 75;Toot pounds for cylinder i
head \t‘)_(')]t .) , , . - S e n ) RN
"X X X 0il filters. Inspect o) filter” assembly and connections for 1eaks while 'i~‘. _. iz
- - __ engine.is runnlnq LT ) S . T I\
_— XX , Service oil filter as_ specified-in the lubrlcation guide. ‘After senyicing, ‘ N
' check carefully for leaks while engine is rutning. -, ) _ .,
v = a .

XX X" ~Radiator ~Inspect radiator for Ieaks, for obstructions in core air passages,
© . “and for loose mdunting bqlts. Check all cooling-system hoses for leaks, -
excessive deteriorgtuon, and loose connections. Check operating temperature

o o .and_condition of coolant. 'If coolant temperature remains below 1409F, or
S rises $bove 190°F during bperation, thermostats may.be defective If
- . . antifreeze is used, check its freezing point, . - .

‘= X X Drain, flush, and- refill ¢ooling System- if cogaant ts contaminated with rust or
. . , dirt, éee that core air passages.are clean. Replace any damage or defective
) : . coolinéhsysxem hpses, Fines, and gasket}.. See that all mounting bolts and _
connections are tight Protect coo!ant from freezing, and record 1ts fqﬁezing .
\Q point oh NAVMC 10560 . e, ? :

X - X X Water, pump, fan,. &nd shroﬁﬂ Iﬁspect watéer pump for leaks and for loose or - o
*_ missTng mdunting and 35sembly screws. Check the condition, and mouﬁting of fan ¢

. - . plades, and shroud. . -7, e _ -
n"i .- X x' Tighten or replaée loose or missing bdlts and screws. -1f pump leaks, replace '
L it with a new or reconditioneg; pump. .. . ' ) ’

f\x' ' 6‘
X X _X .Belts and pulleys Inspect for excéssively worn, cracked, .or frayeu belts. )
' Check beTt t&nsion and condition and alin t of pulleys. (Belts are properly
- ' usted when they ca: be deflected 1 1nc8?i§om normal position at a. point ’ S
- dway between the putleys. )

- . ~ B ) :
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Fas

Technical
» tngpection
or 240 hr of use) ”
~ Weekly .
(60 hr of use)
=
o
LY

Monthly {4 meeks

. t . -
L . . .

[4

-~ XX Adjust the tension of the belts 1f,-rﬁ$§sary. *Replace belts if frayed or badly’
no orn. zeplace all belts in sets:. Ne install new belts with worn pulleys,
. , r'new pulleys witR worn or frayed belts. g . L0 . .

~ e X X )'("\ Governor. Inspect for -1oose or missing mounting bo‘i ts. :Check for proper e
<o . operation and-adjusgment.- e * ' : .- " .
B, . ° . 3 - c “ ~

R . FUi SYSTEM , . . . . . i
X- X . X Fuel tank, cap, and gask - .gpk_ é@'dition and mbunting of fuel tank. f« . _
. Inspect fuel Tines™and ‘conmections for leaks, kinks, and obstructions. ¥ -

Check fuel tay p and gaskét for wear and damage. ) -
» . DR v . Bl ’ M : : .
X X X  Tighten gr prace loose or’mi-ssing mounting bolts. See thift the air:vent is
: - open,” and filler cap™clean  and tightfitting. Replace fuel tank cap and gasket
if nece§sary.’qua1r qr replace leaky or damaged fueblines‘% :
4 i) - % A v .

Loa L e T S ELECTHICAL SYSTEM "‘-’" oL G/

+

Y

X X X Battery. " Inspect battery casgs for.cracks, leaks, loose rounting-bolts an
& clamps, or for dirt and corrosioh qn tep of case. (heck for loose cable SN
. -connegtions and corroded or damaged terminals and cabl% Check level of .
¢ ., electrolyte (it should Be about-3/8 iAch above®thg pla }.. Check electroly ’
, with a_Hydrometer -ahd:recordveadings on NAVIC "10560. (Readings from 1.275 t

v + -+ 1.300 .indicate a fully charged battery; readings between 1.200 and 1.215*
, . indicate a bagtery more'than half “dfscharged. = * 7 - ey,

+=. . X X Clean all dirt,-nud, and cgrrqsion'fron: top of batteries, posts, cl amps , ..
- ’ ¢ables, and:cable-terminals: Replace damaged cables. Apply a thin film ofy, g ‘
TR e ", -chassis grease over the terminals after they are clamped tight. Add clean '
o AT . ' water,.Af needed, but'do not overfill. .If freezing temperatures prevail, the -
o - ‘batteriesimust be charged long enough’ to mix the $olution thoroughly. See that -
. ‘ ;’ Lt . the batterigs are securely mounted and that the capy, arg tight and the - b
" : ventholes ope&.' o ' : . :
d“ A" X Generator and starter.: Inspect both for loose mounting. bolts and damaged or
R *’ “.+® ' _Toose eXternal wiring connections..~=» * . o .
~e ¢ . T ‘ oo ' N N ’ ) ’
”v . == X..X Inspect commutators and brushes for excessdve wear, ‘dirt, and oil deposits. )
D . &ee that brushes are ‘free 1nl their-holders and, that .they make contact with'the . N
coprutatots. * o a. A : . v

[ 4 ) n

-
. . -
.

: . . : . ‘ . '. - - . S N
. e B 1¥ X< - See that starter and generator are sgsurely and properly fwomted. See, that R 4 .
% .o ~ brakh wire:connections arg tight and that' brushes are-frée in. thg holders and - v
L \ _ Ihake good contact with t}’&omutéttor;s. e ST ¢ .

- o - % < . . - e :
& YT, X X X Voltage regulator. Check opei'atj‘gq"of voltdge regylator. (After :the-Starter,
LSO Ts used, the amieter should show'dn appreciable rate of charge. tAftég the . o
A ..\ battery is fully charged*the arireter shou¥d show no chargé or only a S1ight . '
0 ' charge.) o v e—— h . _ . S .
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. dJable 2-1. Orgfiizational Maintenance of Model LM~62 Trailér-Mounted Arc-Weld{ng Set. :
. S . e . b " . 14
. _:i‘.l 1
u " Intervals ‘ ) . T - ' S
A ' T, . , :
b - v ) 1
N . \ '
: . ﬁ -
) Procedure ) ¢ -
i « , -
) 1‘8 £§ ?\§ . ) \“ “’: . v
Y &le O 0 P =
2 3f5 8 ) ‘ .
Vo sl g ' ,
- X X Slée‘that the regulator is spcurely mowmted. Tighten or réplace loose or
. @ ¥ mis$ing mounting and regulator Cover -screws. X
CL o CONTROL SYSTEM . ]
) IR S S Gages (mefergl. Inspect operation of all gages and meters, See that all gages ’
) . - are mounted securely and that all connectipns are tight-and clean. Under
" normal - opegating conditions the gages ard meters should read as follows: o
pressure, 26 psi;- battery-fc&argng ywmeter, in charging range (pointer should
- be on charge .side of dial when engine is running); water temperature-gage, 'Y o
A . normally 180°. (Many run slightly more or less dependirlg on c1imatic
o conditions; check for extremes.) N
. . . . » N
~ : - X X -Tig'Kenj loose connections. Replaced damage or defective gages. B
.o ' , ‘ FRN:IE e ) . o ‘ ’
X X X Fr§m9. Inspect for cracked, broken, or splitting we1ds,'and loose or missing
' balts, nuts, washers,.aktjbent or displaced members’, - " .
ee X ;‘X Tighten or replace all looﬁ or missing bolts.;" nuts, and washers. -&pair or
report to proper authority all bends, -cracks, and breaks .- ' .
R W _' . e .- a * E
. GENERATORS ‘
€ .. ] : o .
X X X Commutator and brushes. Inspgct commutator, brush holders, and brushes' fc}' . *
_ ¢racks, abrasion, wear, and 0il deposits. Check for excesgive sparking. See >
A - "*_ thaf brushes move freely in their hqlders and that springs provide sufficient -
. e + pressure. (The, correctu_"spring pressure- is 2 1bs.) T !
- - X X Mean comﬁufat’or‘if necessary: If m’railable, use 'clean, dry compressed air to
- o cléan the dust and dirt.from around the fields, yotor, air ducts, commptator, ° '
oL and brushes. | N . . . =
/2.‘ X XX Wirigg. Inspect generatgr ;vjring‘ for worn, cut, cracked, swollen; ‘or fra§ed ' -
T Tnsutation. *Checkguirindfor loose and corroded connections. . [
-~ L ) . - Q“,.'\' E - u . -71 - )
- XX 'Cov-\r@ot' or report ®o ‘per\authorjty any deficfencies noted. . - . ° R
N : ' ’ . ., ‘ o - .r..\' 3 . = ' h *
. " X X X - Contol papel. See that all, meters, gages, 3nd switches fynction properly, and*
' : . That ‘the. entire coufgol panel is clean and"seeurelymounted.. ,See that all ‘
“terminai,connections on back"of thg panel are clean, free frdm rust and - '
‘torrosiof,r and securély tightened ™. e .
«‘1 rh 7 ._‘ A Y, ) - . M ~ : R ) N T
‘ ==« X X Correct-or report to proger author'ity and deficiencies noted. .
gt . 4 ] . . _2" R . o .
at ‘ . b k3 .
. . . - . : o )
. . N . @ - . “ _ ) . N .
» ' . ) - a N W e ) ¢ . w
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) ’ Dynamotor-welder (fig 2 32) The dynamotdr-welider is a component of the general
- purpose repair’ trailer set No. 1 and the organizational repair set No. 2. The I .
; .

difference between the two is that the No. 1 set is driven by an engine mounted in the
- trailer and the No. 2 set s driven By thé truck engine. Herein we will refer to the
trailer-mounted welder, whose operation 1s ‘the same for both models. A dynamotor-
welder is ipstal in the trailer and driven by the _shop-engine through a marually
operated, clutch or by external power source. When the welder is driven hy the engine, 4
~" it provides direct current for welding .and alternating.current for the shop _stt tools R
and equipaent. When. the welder is drivén by an external power source, the ac generator
’ acts as a synchronou9 motor and drives the welder provide direct current for
. welding. The external power is also uséd to opera !pthe shop set™®Bols and tools and
equipment. The. normal power, etther input or output, is 220-vdit, 3-phase, 60-cycle, . » ..
alternating current. ' ‘ .

\ ) ¢ N o, - *
- . S Fig ?,32 Dynamotor -welder". “ oo A ;]??

. - - .
b -7 o

. . Ca : o N - ’ v ' o ’. )
. "..(* o (a) Starting and stBpping ¢he Bynamotof welder, - The shop set is equipped with an' .
. e engine to power the welder and.alr compressor The frequency, 50 or 60 cyc :
. . determines .the running speed, 1,500 or 1,800 vpp, respectively, of-the engj
The -dynamotor -welder frequency 1s dictated by the'frequency required at the - -
'iﬂi remote utilization And the frequency switch, locatpd -on the welder control °

, Instrument panel (fig 2-34). '1his e usually set ak 60 tps, although the=
contents of the shop.set will operate satisfactorily on either ffequency. The
speed adjustment and power "engagement, as well. as simple enging startupy become

- part of-the overall engindstarting procedur mentioned before, when the -
welder is powered 1ntec§ally by the engine, Z geﬂ!h@tes both alternating an
direct current; when 1itlis powered by an outside source, it generates direct ™ - .
current only., In either case, use of ac or dc depends on the proper setting of .

. the ac, and dc electrical systems of the shop set, The dc is used for welding. .

. . The 3- phase ac generator is used to power external 1dads and various, shop set- _ .-

. " - components. The current to bg used withih the shop set, if generated at 360 br .
’ 440 volts, is reduced by a transformer- to 220 volts, and in part, ta 110 . e
» volts. . If generated at 220 volts, the’current again Js reduced to 110 volts. R
\ . Starting the two. electrical gystems is -done;at the contrp] panel (fig 2-35). >
Start the engine and adjuyst ggeed to 1,800 or 1,500 rpm as necessary, eferring « %
. L . v to figure 2-35, " The engihg governor wi]l maintafn adjustqe speed undew various Jite .
R ST load. cond¥tions. Figuré 2-33 itllustrates the engine cont and instruments
DAV S . when the engine {s runhing with the clutch in the disebgagéd position. After
- .~ the'shop-engine has been started and ha¢ reached operating. temperature,_

. energize the ac and de isternally powered - électricalfsystems, referring tor

e figure 2- 36 and the steps listed. . N
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.. Fig 2-35.
. ‘ >,

Turn shutter control fully counterclockwise to
*CLOSE, .

4.  Push magneto switch to START.

. Pull throtfgte control out 1 inch.
Puil choke control out.
Place battery switch on.

Step 8. Push starter €Gntrol.rod in to start engine.

Step 10, Open shutter cqgtrol partially.
T E—

{

After engine starts, close choke gradually
and adjust throttle control to gige tachometer,
readi;tg_of 600 to 900 rpm. *

”

Operate

S;grtﬂ\g‘? set engine.

*

\
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engine temperature between 1500F :
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° . Fig 2-36. Starting and stopping ac-dc electrical systems with )nternal power, L
. . ' g . . - R “.
R * ' :
SteQ'l. Set cT?cuit breaker at ON and frequently switchaat 50 or 60 cycles as necessary.
.%P Step 2. Set’ polarity switch at OFF and dc variable resistor at zero. )
¢ - . Step 3. Set selector swi%&p at GEN (génerator) .
Step 4. Engkge éﬁyine (fig,2-35, step 2). ) : : - : '
2 o - q - *
Step 5. Hold dynauotor s h momentarily on start. : :
‘ yjl'c tar : » v
Step 6. Regulate:ac variable resistor to give desired reading on ac voltmeter.
Step 7. Adjust engine speed as necessary to g1ve desired reading on frequency meter
To use the dc electrical system only, perforé\\tsps 1 through 7 above and then set
selector switch to OFF, momentarily holding the dynamotor switch at.the STOP posi {s, p
B stop the, engine and deenergize the electrical systems when they are internallj‘bo
‘following steps must be performed. -
.Ste “Set the selector switch to OFF.s B o
ep-2. Momentarily hold dynamotor switch at STOP.
Step 3. sengage clutch by moving the clutch lever to the DOHN gbsit1oh . T
Step 4. Unllock throttle and push in. . ,
Step 5. Pyl magneto switch out, . - .
‘@ Step 6. Place battery switch gt OFF. .- .
Step 7 Close fugh shutoff va Ye. . ' . i
To start the a- dc ystems with exterfal power, connect the external p&wer lead, (fig 2- 37) T,
. to the input/output recepta Referring to figure 2-38, follow the steps to gnergize the. :
' sy‘}em. : S _ - -
\ - ; - , . .. ' . . : L
1 ‘ . N - . . - N
. ’ ' . . - M g
v . ) o] iﬁ
1 2
3 h w ,_.
4 x . -~ 0 of
A w . < . »." (I
. 4 '
H * k‘
< . . x ® /
) '!..-‘- 1 * » ~ ‘
3 - s . . ’
N . ' .
r Y PN ) ) N
- . . - b e h -. - 3 . -
. ] -« & « Fig 2-37. Bxternal power supply, removal an tallatibn. - ' . '
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«  NOTE: 70 UTILIJE DC ELECYRICAL $YSTEM ONLY PERFORM STEPS 1 THROUGH 4 BELOW, GHECK PER NOTF S e

BELOW, AND FOLLOW BY SETTING SELECTOR SWITCW AT OFF POSITION. .

\

Note: Check direction of rotatiop of d_ynamotor-welder, it should be counter clockwise
viewed from non-dripe end.  If rotation is incorrect:
1. Stop dynamotor- -welder and. discomect external power. -
- 2. Reverse connection of any 2 incoming power leads at input/output connector.
3. Repeat steps 1 through 4 below.

Step 1. Set circuit breaker at ON and frequency switch at 50 or 60 cycles as necessary. €
Step 2. Set polarity switch at OFF and dc resisfor at zero. _
Stép 3. Set selector switch at TITY.
STEP 4. Hold dynarnotor switch momentarﬂy on start. - :
Fig 2-3B. Starting aerdc electrita] systems with extg:na'l pover . A
(a) Welder operation. To operate’the welder, after thgfac-dc systems have been - ‘
energized, whether it be with an internal or external power sounce, refer to :
-figure 2-39 and follow the steps ‘isted.
L
? g - ‘
R //f
. .
Step 1. Be sure po]arity is at OFF and dc” variab]e rest&or at zero, “of set . e
switch and resistor to these posTﬂons‘ - . : o, ' '
: Step 2, Connect welding ground cahle: to ground terminal of welder panel. ' o
Step 3. Conn'ect fround cabJe to. \-'Jo‘rkp"iec& ’ - .. o
. N k . (4 v
P . Step 4. Install we.lding/cab]e p}uq in we]dmg connectp?marked 1. o
| Step 5. set ‘polarity sw1tch at stratght or reverse af necessary. . . w Y
o : » . M
' Note! Powered flux, carbon, ,and bare electroges usually dge straight ¢ e
_ “polarity, putting 2/% of ‘welding-heat Tn the workpiece, copper all
4 and heayily coated electrodes general]y use regerse’ polarity, putt ng ° -
A 2/3 of welding heat in the el&;trod’e ‘ : .
Step 6. Install electrode in electrode holder-and weld, if more we1d1ng heat ) N ‘ ;
- fs required, turn dc resistor:clockwise to increase welding current,
Note:  Perform ste s 7 through 9 below on]y if- stilk greater we1d1ng h%at is .
PR required, If satisfactory welds are produce# by performance of. this ~ T ex
R step, {step 6) complete‘welding and perfory step 10, below. RN :
', Step 7. Repeat step I‘above ' ' ' ¥ T
' K . :
py S oL
Step 87 Remove welddhg cahle plug andr 1nsta]] it in next higher. number"bd - L R
welding connector, . - . LI
_ o 2-45 89 Y e T !
-~ !\. © e :\: ‘:_. ..-"' . oo A v , W (R q' w0 . ;
B . iy -’
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BN . | Step 9. Repeat steps 5 and 6 above and notes beneath as necessar)'
Step 10. Whem welding is 1nterrupted set polarif} switch at OFF Hhen
¢ welding is completed, set pvlarity switch at OFF, turn dc resistor ful
counterclockwise, and stop the_pynamotor ~we lder .
™ . /” Fig 2*39. Operat ion offdy:!%otor-ﬂelder.
. | ~—— ) - -
" % Alternating -current wélders (fig 2 40) Most ac welders are essentifMly static

*  transformers. The function of a transfdrmer; as the name implies, is to transform or change

electrical power from one voltage to another. Basically, a transformer Consists of three
-principal parts: a core, a primary coil, and a secondary coil. There are three general types
of ‘transformer arc welders: tapped reactor, movable coil, and movable core. - Thg.basic
difference *¥s the manner in which current control for welding is accomplished. igure 2-40A
illustrates a welder in which the current control is selected by inserting elecég;de ‘and ground
leads inta appropriate receptacles. In the movable coil and movable cere types (fig 2-408),
current is adjusted by manipulating a handwheel or crank. Before attenmpting to connect or
operate a transformer welder, study the directions and the handbook for that unit as‘well as
-the information on the data plate. Then, before you apply power be sure that:

(1) The trarsformer core and case are securely grounded. ! -

(2) The sécondary leads (electrode andepork) are insulated from each other and from the
- _ ' ground, - 6 .. .
v
* (3) The correct voltage,'as indicated on the nameplate, is used when connecting to the
primary winding.. Connecting the unit to direct current or to a power source having
: ) a greater, voltage than that specified mdy result in serious damage to the
o transformer coil. To aid. you in avoiding mistakes when connecting and grounding.

’ ‘ “the welder, a 3-wire prlmqry powgr _source supply Gable is furnished with each
machine. Two Jeads, oné black and one white, aﬁzﬁfor connection to-the power
source. The third is fox grounding the transforfiet case,andigpre to the

oy establ ished service ground. The grounding wire should always be connected to a
ground "before power is apptied to the unit.. Since there are no moving parts as in
generator-type welders, trqh,[ﬁ?her type welders requirgs less upkeep, However, the
machine should and does require protection from dyst, fumes,’ and excessive
moisture. Also, the flow of ventilating-air should not be restrigted during v
- operation. Once ‘every 6 months the welder should be clbaned"by blowing out the
arnunit with clean, dry, compressed air. All weldinmperations with ac tra®formers C!

. must be done with heavily cqated electrodes ;specif¥Cally designed foq@use with ac.
v -
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2. ALM-62 s a g
- " a, gas-engine driven, self contalned ac welder,

a o
b. diesel engine-driven, self contained ac welder. : N ,
c. gas-engine driven, self contained dc ‘welder. . N \ '
. d.~ diesel engine-driven, self contained dc welder. ) '

: 3. The generator on the LM-62 welder provides - &Its for operating the
welder and small hand tools. ' ,
a. 1o . c. 220 RS

. ¢ b 15 ) d. 440 - )
, 4. When the voltage required is critical for the operation of “small hand toqls fFrom

» : the electrical outlets on the LM-62 welder, the desired voltage may be regulated by ’ //’
: the : : S '
‘,-

a. eng1nd‘speed. o c. current control. Y
job selector rheostat. - -~ d. current control and polarity switch. oo-
_ , . )

5. On the LM-62 welder, the welding gemérator and tha attached exciter convert

- .
- sy -

a. dc to ac. ‘ \
¢ b. mechanical energy to electrical energy. : )
c. ac to dc. , . . -
d. mechanical energy to rotating energy. N
6. Three factors determine the proper welding voltage and current selection on the >
IM-62 welder. They are, the matdcial being welded, the skill of the welder, and
a. the current range of the welder. c. the polarity éhat will be used. . ',
B . +b. the size of the electrode. . d. the rpm setting onfthf throttle control.

7. When welding in the overhead position using a 1/8 inch e]eéfrode, with the LM-62

d . welder, you would place the voltage control in the [ sectiop. .
N S . — . \
a. yellow » ) , c. red, ‘
b. black . d. special application _
8. After cranking the LM-62 welder for 30 seconds, the starter should be allowed to ,.;
cool for | . N .
a. 30 seconds c. Z,minute'sgq . : “
b. 1 minute ! d. 3 minutes . . b
.o >
: 9. The oil pressuge gage should be checked after the engine has for . '
~ a. 10-20 seconds ' ¢. 1 minite . i " L
. + b 30 segonds*t”““*"’ _d. 2 minutes , - .-
10. Utilizing external power in the operation of a dynamotor-welder, ‘ current
_ o7 - ©{s produced. ~ e : ~ : ,
" - . ' - R E 4 - )
E&N . : a. alternating 3 . c. Mirect X o
LA b. alternating and direct . /
E 4 ¢ i » .
T .. . - 11. Electric transformer ac-type welders shou[ﬂ be cleaned with compressed air
BN every . month(s). .
. . : ‘
. , ‘o . N f N e . a. 2 . - o, C.“ 5 ’
" ‘- - kN ! b-_ 3 ) . - d. 6 L
N ‘ - - ‘.k * . - . ' - - . - ’
N ~12. Match the fiftee# gauges and.controls (Column 1) with their correct uses (Column 2). - ‘
o~ Loy ) . . ) . - . - _ . .
S T . Column 1 ‘ Column 2 .
‘,— “ - —':'- ~ ~ B . . .
o s e (1) Hour teter. . - {a) This control varies the exciter voltage of
roon C e (2)-FulT gage. -the welding generator.” : . .
Lo T (3) Battle switch. . ~_ (b) The electrode holder and ‘work cables are
T . . (4) Water temperature gage.’ attached here to obtain welding current.- .
~ v &) TT-pressure qage. - . . {c) It indicates engine lubricating oil .
L ' (6) Sfar%er'ﬁuffon., . . pressure. .\ N , X4 K
L . SR Pt 247 B a : -
(€) " - ) ) 3 v - . rl‘ : ) “ 1-_ "

i - ...- v N
» - : . PR . ..
- . . . ¥ / . B A 4 .
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(1) Battery-charging ammeter. _(d) It indicates total hours of engine

(8) FiheT’Iigh} switch operation. -
_(9) Current control. ~td) This switch permits the selection of the
"(10) VoTtige control (job selector). output terminals.of the-welding generator
(11) PoTurity & . + or sigmette outlet. ' -
12) outlets. (f) It energizes the starting motor to crank

(13) WeTding seTector switch. the engine. :
(14) Sigmette outlets.™ (g) Its purpose is to vary the current output .
(15) Welding generator teminals. of the welding generator.
' . (h) These outlets permit the welding of
aluminum or small-gage metal.
(1) This switch disconnects all safety circuits
to the engine. )
(j) These supply voltage .for small.tools and
accessories. .
. (k) It indicates the quan¥ity of diesel fuel -
4 . : remaining in the tank.
o (1) This switch controls the polarity of the
c electrode. " -
(m) It indicates the engine coolant
temperatures. . A
(n) It turns on-panel lights to 1lluminate
controls and instruments.
(o) It indicates the charging or discharging
. nate of _the battery.™ :

R ®
- o
Work Unit 2-5. WELDING PROCEDURES. - y
IBENTIFY THE MEANS-TO CONTROL EXPANSION AND‘CONTRACTION OF METAL DURING THE WELDING
PROCESS. - - - ' . . : .
- : e A B
; IDENTIFY THREE METAL-ARC WELDING PROCEDURES. : ~
‘; ) IDENTIFY TWO ARC-WELDING SAFETY PRACTICES FOR ELECTRICAL SHOCK .
. & .
a. EXPANSION AND CONTRACTION IN WELDING OPERATIONS.- J, N s L
' (1) General. As you are probably éware, the linear dimensions of all metals change
with fTuctuations in temperature. The heat developed at the welded joint by any -
“welding process will cause the metal to expand and, upon Cooling, there will be a
' o corresponding contrattion or shrinkageé. Just as metals differ in' their ability to
. conduct heat, so do they vary in the extent to which their 1inear dimensions change
)’ . with a given increase or decrease in temperature. The extent to which expansion

and contraction occur influences the weldability of the metal involved. If all -
metals.respongd to temperature changes in the same way, the influence of expansion
E and qpntraction on weldability would be less -than.it is.  But when metals having
” ' different rates of expansion, and contraction are welded by high-temperature
: . . process, the internal stresses set up by different rates may cause the joint to
crack immediately. Figure 2-41 {llustrates some distontions caused by these
internal stresses. ' Even when metals have the same characteristics, expansion and
contraction may not be uniform throughout a1l ‘parts of the metal. The
nonuniformity of expans#n and contraction will also lead to -Internal stresseg,

. distortion, and warpage. . T I
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SPACING CLOSES 1)

FLAT WORK DRAWN INTO CURVE

(2) Controlling expansion and c

Fig 2-41. Results of weld-metal shrinkage.- . ’

. é

shape and strength of the weld part. .Tack welding helps to prevent undue -
distortion. You will usually tatk-weld sheet-metal joints at short intervals.
Most joints can be alined and held in place with pieces of angle iron and
C-clamps. In welding long seams, the contraction of the metal deposited at the
joint will cause the edges being. welded to draw together and possibly overlap.
This condition can be offset by wedgihg the edges’ apart as shown -in figure 2-42.
As the weld progresses, the wedge should be moved fofward. . Spacing of the wedge
depends on the tyffe of metal being welded dnd its thickness. Spacing for. metals

"more than 1/8 in. thick js approximately as contained in table 2-2 below.

K . :
Table 2-2. Spacing of Metals to be welded.

Y

Incheé pér foot

Metal " .
o UStER) . L e e e e e 1/4 to 3/8
Brass and bronze . . . . . e e e e e . 3/16
» Aluminum " . . o e e .. e SEV/
COPPEr v v v v e e e e e e e .. . 3/16
Lead R . 5/16
- ‘ '.
- A - 4 Vi A
7 - 7
WEDGE .PLACED APRX 18 INCHES - ‘/ - P .
AN_EAD OF WELD : . . & . "
IR R .

DIRECTION OF wnomc‘g# _—

L+ =

- iR ’ «
. * _ . .
DIRECTION OF CONTRACTION a_ * \
< -
. ’ ! . )

A4
, . LS
y Fig 2-42. Spacing with a wedge’ . o
- ! ) '
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ontraction. . The welding procedures shopjd be devised so
that contraction stresses will be held to a minimum in-order to retain the desired

”
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. - Buckling and warping can also be prevented by the use of quench plates. These are
' heavy pieces of metal clamped parallel to the seam being welded, with sufficient

- space between to permit the welding operation. These quench plates absorb the hea

from the welding operathon and decrease the stresses yue to expansion and *

contraction. : 4 .

) _ e . _
(3) Stress-relieving. Upon cooling, the weld metal shrinks,td a.greater akgrée than d
the base metal to which it is welded and, betause it isifirmly fused to the base
# metal, it exerts a drawing action on it. This drawing'action produces stresses in _
and about -the,weld which may cause ‘warping and buckling. Therefgnd/parts that -
cannot move to accommodate expansion and contraction must be heated uniformly
during the welding operation and stress-relieved after welding, These precautigns
are particularly important in welding aluminum, cast iron, high-carbon steel, and
other brittle metals. Stress-reljeving in steel welds may be accomplished by .
heating the work from 8000 to 1,4500F, depending on the material, and then
cooling it slowly. In stress-relieving mild steel, it is common practice to heat
: the’ complete weld 1 hour for each inch of thickness. Another method of .
E stress-relieving 1s to work the finished weld metal by hammer blows {peening). -
; Excessive peening, however, may cause brittleness or hardening of the finished weld
and actually cause cracking.? Preheating of the parts to be welded is desirable in -
some applications of welding, = If proper preheating times and temperatures are )
- used, the cooling rate is slowed down sufficiently to prevent -cracking. Preheating .
" facilitates welding in many cases and preven¥s cracking troubles in the heat-’
affected zone particularly on the first passes of weld metal. The prehepting
temperatures for specific metals before welding are as contained iq table 2-3 below.

| N ' : - Table 2-3. Prehgating of Metal Before Welding.

, A , \\\\ .. Recommended - .
Metal . .. N preheating o -

o

Low-carbon sfeels (up to 0.25% carbon) . . " . . .':’2\\\?000 to §OO§FZ,L N
Medium-carbon steels (0.25% to 0.45%*carbon)'. PR §3?°;tz SQOOF -
High—caféon steels (0.45% to 0.90% ca?ﬁSDf ce T .5 09 tq 800°F
.Carbon-molybdenum steefg (0.10% to 0.30% ;arbon) C.. 3000 tb 6000F
Carbon-mol ybdenum steels (0.30% to 0.35% carbon} . . . . éodo t; 800°F | {

)

< Mafganese g%gzls (up to 1.75% manganese) . . . . . ¢ . . 3009 to 800OF

Manganese ste®ls (up to 15% manganese) . . e e e e Usually not required.
Nickei steeli'(up to 3.50% niekel) . . . . ._'.:\; A .-'200‘; to 7OQ°F. . *
L] 3 . > - . )
Chromium steels . . . .. .. ... .. .. S 3000 ts‘SQOOF )

]

Stainless steels .. % . . . . . ¢ .\ ... .‘qgg . Usually not required. o e

~“  Note: For alloy steels the preheating temperatures are governed by the carbon as-well
as the alloy content of the steel.

-
LN

\Cast fron . . . e e .. . 7000 to B00OF" w“w
Aluminun . . . .. e ool .. 5000 to BO0OF . N
Copper . . . . . .. ... .. v, .;: . . . . 5000 to 80OOF ‘
Nickel . . . . ... e e ... . 2000 to 3000F -
Monel . . . . . e e e e e e e oL ... .-2000 to 3600F
Brass and~brdnzé e e e e i'. <o To o000 0L 3000 to 5000F: | '

2-50 , B
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b. METAL-ARC WELDING PROCEDURES

N - )
I} ‘ -t LA

N ' L - Cooe : \
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(1) General. Before you try your hand :at-metal-arc wéidin’g, equip yourself with th

A

a

.

" the arc by lowering the electrode and tapping-or bouncing it on the Surface of the ' .
.. ) ",- ., o ] i . 3 N - o ' i N

k oy ¢ o .. ' : S

i ) § ' s -
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personne) txrotec'tive. clothing deschibed earlier: helmet, gloves, etc. Also,
‘consider the, people around.’you by providing a screen to protelt’ them from arc
flashes. Further, be sure to ground your work piece or.the welding table.
Successful metal-arc welding gzequire.s ‘the proper ‘selection of electrodes for the
kind and thickness of material to.be welded as well as the type of welding current
(ac or dc) to be employed, and.the position in which welding is to be
accomplished. Weldjng equippent cgntrots.for amperage, veitage,. and polarity must
becadjusted to provide the cyrfent“value siftable for-the-tonditions of welding, -
including the skill of the welder ‘himself.’ Mo-spécific directions-are given here
for setting the controls because they vary on the different types.and sizes of ~
+ machines made by different manifactuFers.. Ge} an experienced welder to break you
_in on the machine you will be-Using. As you dpin experience, you will learn to
make your own adjustmepnts . Experience 1s the best guide for makling-the necessary
adjustments to fulf4¥1 the job requirements.. Ror the first setting of the machine
‘you can use thos® settings shown-in figure 2-4% as a guide. Usually the containers
in which_thd eldctrodes are furnished by the majufacturer have. instructions for
their.ue as to the recommendet welding current setting for various sizes of R
glettrodes and positions .of welding. > Bear in mind that you can only use those

type of machine you are using, o

o,

O T Tplate

Electrode size (1n) . Class thickness
- . e \'._’ "-';‘ ', . ' . ' (1". )

/32 ... .. . PR .7 36 70 g0 - v .
1/8 e e e e e e e e 1 ' S 1/4 ¢ 10 1200 Y
5732 0 0 i e e e e e e . e 0 . 1/4 . - 135 1500 - -
3/16 . e /2 - 155 " " 180
2 12 175 a5 .. oY
1/4 I - T2 226 240 . 7O

Fig 2-43. Current settings for welding steel-with 6011 electrodes. ST a

The _%ﬂ neral-coated type of shiql'ded-arc eléct'(.jode, -whiéh-produces a slaﬁ'és &
shield, requires higher welding currents than does the cellulose-coated type. which
- produces_large volumes of gases foshield the ¥rc.stream.- “In addition to proper

adjustments® for current and voltage, to .give propeér welding condition® for the =~ . .-

particular size and typs of electrode used, it is nécessary. to consider.polarity. ™ L

" " Xhe proper polarity can be recognized by.ithe sharp crackling sound of the arc. ™

Improper polarity for a given électrode will tause the arc-to give offla hissing
sound and will make control of the weld difficult. After the machiwe -has: been

propérly adjusted, the bare end of the electtodée should be gripped .in*the electrodeﬁ;&i&:‘ |

holder so that-the éntire length may be consumed and deposited without breaking the
arc. There are two ways of getting the arc started after.you have properly.set up
and adjusted your welding machine; the striking or brushing method, and the tapping.
method. In either method, the arc is formed by short-circuiting .the welder currept:
* between the %ec.trode and the joiht to be welded. The heat at the arc:causes both
the end of tH® electrode and.the spot struck on the metal to melt instantly.. In
_ the strtking or brushing method (fig 2-44); the end of the eleCtrode is brought.
down to the work in a continuods motion that describes thesarc of, a._;"'\c'i'i‘c'l e. As .
soon as you touch.the surface of the base metd1, “the downward motton is checked and .
the electrode is raised to make the arc. The dfstance:bgiween the electrode and -~
the base metal shewld be‘about equal to the diameter of the electrode. You' wlill -
know by .the sharp cirackling sound whep you have the iight length afc.s In' the ™ .-
tapping method (fig 2-45), you hold thie electrtude vertical to the plate. Establish . '

~"pecommendations as a guide. Exact adjustménts depend on. your welding ski1l and the - - -

N
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_ " Fig ?-.44. $t_r-1k1ng_ or' hrushing method.
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SN S " ‘base metal.. With some t‘yfes of electrodes 1t is necessary to strike. the. electrode
L~ - . forcibly on the base metal’'to remove the projecting cover on the electrode tip. ’
. : L . - ..*  Mith other types, you' orﬂy need to hold the e1ectrode in contact with the work . (-

‘; . ' « The coatin‘g of these contact electrodes - LA -

W

R . A -_ - . ) . ’..-'. R X
. v l.. e o Kl ; ’
e - “. ‘.'.‘ - ‘ N . - .

. . . ’ . A L8

v el e T Fig 2-45. Tapping methods ° - s -

B T Ty
AR -+ 7 is an electrical conductor of sufficient degree to start an arc. The arc is _ .
B X o matntained by keeping. the covering in contact with the work. When you strike an
arc, be sure not to raise the electrode too fast or you will lose the arc dde to Wy
: . R its.length. If you.raise 1t too slowly, it will stick or freeze to the base )

. o Tt metal. When this. happens, you can usually free it by a quick  sidewise wrist «
s . - motion. :If ‘the electrode -is not freed by this motion, remove the holder from the - L
.. - .electrode or stop the machine. ‘A 1ight chisel hlow will then free the electrode
P and allow 1t again to be gripped in the holder. Do not*memové your helmet or ‘the ~

shield from your eyes e working with the electrode. After the arc is. struck, -

particles of metal melt of) the end of the electrode are fed into the mel ten R

crater of thg base metal. IThis caules the electrode to phorten. and the arc to "
s . : 4 increase. in Tength unless you keep the electrode closer the base metal as“the ~. . .7 » -
A - -end 1s fed off. If the el'ectrode is fed down to the pla¥e and along the surface at _ ° '

-a constarrt rate, a head of me 'will be deposited or wel the surface of , _
: . ' the base metal. Before-you &dvance ypur arc, ho)d.it for a:short time at the: - .
y . starting point to insure good fusion and to build up the bead nghtly Gpqd arc v
. N '.* weldtng depends on good controT of the mption of the electrode down to and along. . S
- Co the surface.0f the base metai. Just as there are two di fferent.methods for . - +
- : : ~starting the arc, there are a1so two di fferent methods_of breaking the-arc. "In thq ~ =~
PR e , first method, the arc is shortened and the efectrode s moved quickly, sideways : -
' from the crater. In the -second method, the electrode is held.statiogagy long "~ ‘4 2
= ) ¢ * enotgh f111 the crater: and _then ,ﬂowly withdramm. * Usually, the'first method is * .
S _ - the o at ou will use. In -general, .the types of welds-and joints for anc : .
B . .. weld¥hg are the same as those used 1n gas welding. Also, the positions of.welds - L
i o * . r.ape the same asf’in gas welding. Arc-welding technifues must di ffer somewhat for .
oo v, ~ . - the positions used. The positioq'o? the lectrode 1 relation to -the. joint is a” : o

: B factor of prime ﬂnportance. Increasing the electrdde angle, in the direction of =~ = ¥

. . welding buitds up a bead.’ o : ' < “» : LT e g :
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(2) Welding a head in the fat poéf,t.ion (fig 2-46). The electrode should be held at a

-

v

U angle to the hase metal. .In order ‘to get a good view of the molten puddle,
you may find it convenient to tilt the electrode from 50 to 159 in the

direction of the welding. To run a bead,. don't move the electrode from side -to
side. . To keep the arc constant, move the elegtrode forward jusy fast enough to
deposit. the weld metal uniformly, and mbve 1t downivard as rapidly as the mol ten
metal is deposited. Hold a short -arc and weld in a straight 1ine at a gonstant
speed. You can't judge the proper length of the arc by looking at it, so you will
have to depend An recognizing the sound made hy the short arc. This is a sharp

crack1ing sound and it should be heard al during the time the arc is heing moved '
. along the surfage of the plate. When the length of the weld requires the use of

more than one electrode, reestablishing thé arc and continuing the weld becomes an

fmportant procedure. ,Reestablish the arc hy striking the tip at the forward,or .

cold end of the weld crater; then nove the ..acht(*kward over the crater ahd tén

forward again to continue the weld. This-procedfte fills the crater and avoids
porosity and tapping of slag. .

o +

~

-

-

Fig 2-46. Electrode position for welding a bea’ikn the flat position. .

A g"ood bead weld. should have the fo11ow1r39 characterié'tics (see fig 2-47): .
Little or no veld spatter on the surface of the plate. >

\JAn arc crater in the bead of approxjmately 171¢ in. vhen the arc has beer;'
brokeh.

s

S1ight build up bead with no metal overlap at the top surface.

A good peneérq_"tion of approximately 1/16 in. into the hase metal.
.. . - )

c o

HOTY | ALL (HMMNTIONS SHOWN ABe th ineCHIY
v

Fig 2447. Bead weld characteristics.

]

(3) Welding a butt joint in the flat position. ‘The setup for'this type of weld 1s the

same_as for gas welding. Plates less than 1/4 in. thick can be welded in one

~

pass. No edge preparation s necessary for this type of weld, but the edges of the

base metal should be tacked together to prevent them from separating and to keep
them alined. = The electrode motion is the same as for fqrming a head in the flat
position, -When you are welding plate more. than-1/4-in. thick, the edges should be
prepared by beveling or U-grooving. Any of the joint designs illustrated earlier

‘may be used, depending on the thickness of the plates. The first bead or root is

deposited to seal the space between the two pieces of the ‘joint and to weld the
root of the joint. The bead must be thoroughly cleaned to remove all slag before

- another pass is made, The second, third, and fourth layers of weld metal are :
- sometimes deposited in a weaving motion. Any of the methods shown in,.figure 2-48
may be used, depending on the type and size of electrode. You gi111 have to clean s

~

- :
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each layer before depositing ‘the next, and youw will have to be careful to prevent under-
cutting. To prevent this, pause at the end of each turn of the weave on the edges of the
Joint. If you have trouble getting good penetration at the root of’ the butt joint in the flat
position, you will have ito se a backup strip (fig 2-29)., Tack-weld the strip to the base of
the {oint and use 1t as a cushion for the. first layer of weld metal. When the weld is -
comp leted you ¢an remove the strip and add a seal bead at the<back, if necessary.
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o Fig 2-48. Weave motions.

Fig 2-49. Butt welds with a backup strip. L 4

(4) Fillet welds on T-joints and lap joints. Electrode lead and work angles are
particularly important in Joint designs requiring fillet welds. The angular
v position of the electrode determines the freedom from undercutting, the case with
s which the filler metal is deposited, and ‘the uniformity of penetration and weld
appearance. The lead angle is the angle between the electrode and the joint in the
direction in which the welding is being done. Work angle is the angle betweer the
electrode and the work in-a plane normal to the joint plane. Both types are shown

1 - in figure 2-30. "Fillet welds, as you may recall, are used to make T-joints. * To
.- ‘: . oA ll.l‘l LRAD Ante B ‘ ’ -
N : - '
. - . [ . ]‘L ) /
-l —]
~ - 3
' ‘Fig 2-50. Electrode lead and work angles.

[}
~

. ’ s : i - .
set up a T-joint in the flat position, you form an angle of 900 hetween surfaces'
_ of.the two pieces of plate being welded. First, tack-weld them in position by
’ welding -a tack at the ends. Use a short arc, and hold the electrode at a work
“ dhgle of 459 to the plate‘surfaces (fig 2-51). Ti1t your electrode to about
. 156Y lead angle in the direction of welding. Light plates can be. used without a
weaving motion of the electrode, and they can be welded in one pass. Heavier
plates may take two or more passes; if they do, a semicircular weaving motion {s
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RN used with the secdnd pass to get good -fusion without undercutting. Lap joints are made in the
> same way as T-joints, except that the electrode should be held so as to form a 300 angle with

the vertical. The angle is more nearly straightened upward than that used for the T-joint.

- : Fig 2-51.  Fillet welding a T-joint:’
- {

-

(5) Arc welding in the overhead position (fig 2-52). This is a difficult position for
~  “some welders. The Tollowing tips will help you to get a good overhead weld:
L)

Keep a short arc®  This will help you to retain:jggglete contrgl of the molten
pool. : ' ' '

Hold the arc at 90° to the base metal when welding a bead.

Avoid exXcessive weading in the overhead position as this will cause overhedting
of the weld metal and form a large pool which is hard te control.

Butt joints' in the ovethead position are best made with backup strips. Where R
/ backup strips are not permitted, the root can be welded from the top side. String )
: (straight-1ine) beads are better than weave,beads.for this type of weld, but each
t bead must be cleaned and the rough areas should be chipped out before the next past
is made. Figure 2-52 i1lustrates the proper s#quence for running beads. Fillet
welding in the overhead position (fig 2-53) .is done with' a short arc and no
- . ‘weaving. Hold- thawelectrode about 30° from the vertical plate-and move it ;

: uniformly in thefirection of welding. Control the arc motion to get good root -
penetratfon and good fusion with#he sidewalls. If you get tog big a pool of - X .
molten metal and it begins to sag, whip your electrode away from the crater, ahead
of the weld, lengthening the arc-and allow the metal to sodidify. Then return the
electrode immediately to the crater and continue to weld. .Heavy plate may require
e several passes to'make either the T-joints or lap jgynts in the overhead position.

) The second, third, or fourth pass is made with a slight circular movement of the
end of the electrode while the top of the electrode is tilted about 150 in the
direction of welding. - Each bead must be chipped and cleaned before the next bead
is* applied. Chipping and wire brushing is the best method for cleaning. | 0t

4

1 . »
' .

Fig 2-52. Welding butt joints in the overhead positior’.-
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“Fig 2-53. Fillét welding in the overhead position.

(6) welding in the vertical position (fig 2-54). Because the tendency for, the
moTten metal to run down, welding in the vertical posifion is much more difficult .
than the flat position. Here again, careful controlof the welding voltage as well
as a short arc 1% necessary. Current\§ett1ng or amperage is less for welding in
the vertictal positign than for welding in the flat position. Less current is used
for welding down than for walding up in the vertical position. When welding up,
> 'hold the electrode at 90° to the vertical, and when welding down, hold the
electrode about 150 from horizontal +n the direction of welding (fig 2-54C). |
Butt joints welded in the vertical position are best made with a triangular motion
(fig-2-55). If these joints are of 1/2 in. or heavier plate, several  passes will
be required to get a good weld joint. ' o
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- . NOTE. ALL DIMENSIONS SHOWN
: . ©ARE_IN INCHES _
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© Fig 2-54. welding in the vertical position.
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Fig 2-55. Welding a vertical butt joint with a triangular weave.
o L ) , ) < _ T _
" Sucessful manual. arc welding depends on many factors, but the most important part.
, of the protedure is electrode manipuiation. The arc must be neither too 1ong nor
too short. Too long:an arc causes excessive arc spatter. It also decreases the
projection of the gaseous shield at the tip of the electrode. Too shopt an arc is
) alsp unstable due to the tendencywto short circuit and. freeze. r arc welding,
elgctrode manipulation must insure that the sidewalls of the joint are being melted N
and the weld metal is properly bounding without undercutting or overlapping.. - :
* Andther objective of electrode manipulation is complete penetration, especially at .
_ "the root. To gain the skill you need requires a great deal .of practice. Knowledge-
) : about a subject is usefyl in solving problems, but when it comes to producid@igyg A
* sound weld it requires skillful manipulation techhiqués. This information can’% -
provide guidaﬁce, but only your own efforts can produce the skill. )

4

c. ARC-WELDING SAFETY PRACTICES e, - ] “
' T -J_‘, . . ‘. ‘
Safety consciousness, an awareness of possible hazards, and'knowleJ%% of ways to avoid - “

or control dangerous conditions are essential in any work. In welding, ignorance of safe
practice or carelessness in the application of safety rules may result in Serious injury or
death for those personnel involved. Before you set up, operate, or attempt to weld, you shdyld
be thoroughly familiar with all apphicable safety rules and practices. There is a Navy- :
publication which discusses in detail the safety precautions' that must be observed in welding,
the principal hazards that exist, and methols to eliminate these hazards. This publication, .
Safety Precautions for Shore Activities, NAVMAT P-5100, chapter 10 should be read and studted =~ --°
at your Tirst opportunity. Tnis pubTication forms the basis of the safety program within which
you will-do your welding. Fo the‘purpose of the present discussion, it is assumed that only ' ¢
authdrized equipment, in good condition, properly handled, properly-set up and operated, is

machines discussed earlier this chapter are a soursfg-of poteptial danger from electric
“shock. This hazard can be minimized by maintaining th equipmeﬂ@‘in good mﬁchanical and :
electrical condition. In gddition to good maintenance, it s important to fealize that any R
electrical circuit, whether it is high or low voltage, must be handled with utmo‘iscaution. P

One of the principal dangers from welding circuits is to erroneous iy assune-thag* ince they

are of low voltage, they can be handled without the hazgrd of dangerous shock,. This is not .

true, and particularly so if your body is damp from sweat or-wet from rain. To avoid this

situation, make jt a practice 'to-keep your body dry-and insulated from both the work and the

electrodes or ®lectrode holders. Never assume that.because a contact at one time was not v
harmful that similar contacts at other times will-;ybo be harmless. Treat elegtricity with' éi\\

respect, and play it safe. . ot
. oL _ g . : i' |
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- : . : . L : : )

) - ‘ | - 4 w

EXERCISE:  Answer the following questions and check your re@onses'Sgainst those Yisted at the ¢
end of this study unit. ; . .

- 13

‘l. Select the metal that would require the greatest separat'i'on when you are spacing .

sheet metal* to control expansion andscontraction.
- - ' '

" . . - . .
. " a. -Bronze . " ¢ Copper ..
b, T Aluminum : . d, Brass
or ! . . ; .
- v 2. wWhen welding sheet metall, the purpose of quench plates clamped. parallel to the® seam
' Vo w7 : - . - ‘ -
o Ce .
a. -to alt as ajpackup plate for™¥einforcement. L RN
< b “to decre®sel¥xpansion and centraction by <bgarbing a\e heat. ' . _ <
: _ ¢\ to hold-the metal 4in place fow welding. . . : : o ..
- . -d. to serve as deflectors for -sparks, ’
f . L ! - : . o : . * g
. l 3. HWhen wé]ding parts that cannot be moved to accommodate expansion and contract'on,
k g they must be . . e :
. a. galvanized. -~ ' c. stresslreHev.ed.-
‘b. soaked. T d. " cooled.
'1 - 4. The recommended preheat temperature range .for a cast-iron pump housing s
a. 200 - 3000F. S = c. 300 - 6000F. - N
b. 300-- 5000F., -° o - d. 700 ~'B000F. . ‘
5. A1l of.the metals listed below wou]dlrequire preheating ﬁXCEPT
. . - . . A
. ) N . .
- a. chromium steel. c. nickel-chromium steel.
) b. stainless steel. . d. high-carbon s¥eel.
. . , ' . ' ' _ _
A noe ‘ 6. When welding with a dc _e]ectrode. you can tell the correct polarity is being used by
" '::;} ;) : 4 : i
dod a. a hissing sound made by the arc. : _ 3
. b. ‘'a‘sharp crackling sound made by the arc. .
oo c.. an excessive amount of weld splatter. .
- d. the absence of weld splatter, - ‘ . P4
Ly ‘ : e
‘7. when welding two plates horizontally! you should usualTy hold the -electrode’ at
. a " - angle to the bare metal, with a tilt in the direction of
N . welding. © e ) ) .
. ‘ . a. 300 -- 200 ¢, 900 - 50 to 15¢
. b. 900 -- 200 , . ~d. \50 -- 150 to 90°
L -0 8. The angularspesition in which the electrode is held, when welding joints requiring
g ' P fillet welds, influences welding operations:-by . .
. o . .
a. allowing the welder to see the weld bead. .
) b. determining the freedom from undercutting. -
. . ¢. reducing the amount of slag present in the weld hose. .
d. determining the amount of filler metal applied to the base metal, &
. t -~ ’ . * 1\ '
L ™ 9. wuWhile welding in the overhead .position, you should ' when the metal
_ sags. . D —
\ . . : R ¢ L . A - N
, a. shut off the welder ;
' b. mpintain a short arc . & . .
c..continue to weld, and chip off excessive metal . |
. . d. whip the e\ectrot away momentarily to allow the metal to tool

~10. Good penetra_jtion-is considered to pe

: " ~a. 1/32 in. .. 1/8 in.-
v /) * b. 1/16 in. d. 1/4 in. \f : -
"11. The most dangerous hazard you must conside'ﬁ"when working with wg)dii_ng circuits Vs

~ . a. work materjal falling on you.  ¢. burns received by hot metal.
) b. angexplosion caused by the arc. d. severe .electricaI shock.

4 . \-—
' : ‘\
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y 12. Awdreness of possible ha)ards. knawjedge-of ways to avoid or control dangerous
~ /,c?ndit!ons and . are essential in any work. - '
" a. safety consclousness e type of metal ,(
' #b. safety rails ' ' d. .the position used ‘
T i ) o . "‘. T . ) - .
~ i ) - - i \
SUMMARY REVIEW _ o S . . - .

- > !

) In this study unit Snu 1earne8't0'jdentffy~the basic‘elﬁﬁenté of eJectricityhin arc
weldinmg. You legrned the constructign and. types of welds: arc welding machine accesSorfes,
¢+ arc weldiny procedures, and welding spfety pfactiges. <o N

X . - ) ) ’ ‘/ ) '-.:. s ‘1>. -'. ) . J', .
Answers to Study Unit #2 Eier¢isé§. . o : “
. ‘ N ¥ o
Work Unit 2-1" - £ g
. ‘ _ . N | )
1.-Ia . *" * - J
2. ¢ - x /
3. a . .
4- a \7 4 ’
5. ¢ . ' “
. 6. ¢ ¥
P )
‘. A\ a *
9. ¢ AN .
. ' »
S = * x By -
Work Unit 2-2. / , h o . -
. : oo . . :
©..a. Root
b. Toe 7 :
c. Face . . . . . - s
2. a. i ' ’ - :
N 3. The region of base metal that is-actually mel ted. , /
T 4. a. ' . C :
+5. b,
v 6. d. . :
7. c.. -
8. a. ~ -
L4 90 d. ('} a ! 4
10. c. '
11, b, ‘ . -
12. d. /
13. .c. g - J —~
, 14. a. Bead . C. groove e. plug/slot
b. fillet d. - Tack
15. c. -
A6, d.
17. a.”, '
18. b. Jj
19. e. v
X, / & "
Work Unit 2-3. . ' . .
! R : H Q_
. T 1. b. ’ ro2 v ' =
2. Any device that protects the welder from intensq 1ight, reflected glare, radiated
heat, and flying particles of hot metal. : -
3. «c. o , )
4. d. ‘ . : © [ ' 0
5. c¢. . LR 1 ’
6. d. ’ ' : | _
7. d. . ‘ . . .
' 8. c. / ' ,
9, «c. - \
™10, b, . /
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Repfesents the word “éfectrode\" . 4 o . .

Fifst two nulpbers represent the tensile strengtl of the
pounds per square inch. - . ' ' -
Represents the position in which the electrode may-be.applied. -. ' +
Indicates one of the:seven subgroups (see para 2=3ey,

eroslited, weéld in 1,000 ¢

[N

end of paragraph)})

‘C.
d.
12. a. MWelding machine d. Protective deyicese g. Welding taZﬂes D .
b. Flexable cabTes “e. Ohipping hammers h.'"Bdckup bars. .  ° Co
c. Electrode tolders ™ « f. Wire brushes i. Electrode -« ~ "
\ r - rY . ~. "'- \ R *
- ) f « R . '*,‘ . .
Work Pnit 2-4. DR - o ) FEREE
S L oo ’ v
1. a. 12. (1) d. < . « 207
Zz. d. ’ 2y k. <. . s on i o
3. b f (3) 1. T ¥
4. a.% (4;.m. - . . SN
. 5' b_ . (5 C - . ) ‘_.. ) )
6. cC. 26)' f} ' ! ‘P -~ - T"
N 7.. C. C 7) | Iy ! ""- -
o P N, (8) ¥ - TR < .
9. a. (9) g.. . ¢ N e
i .1? c. (10) a. - . . . ; “
. d. (1) 1. v
> (12) j.- , o i
(13) e. P .
- (]4) h- ~ l\:.".'\ Y
s (15) b.“ e - !
. . N ~ - - 2
v + b 4 ! Lo
_work Unit . 2-5. . “ ’ : ; :
1. b . 7. : s
2, b. 8. b, , « | ¢
3. c. 9. .d; “
4. .d. ,  * 10. b. 8 e
"5. b, 11. d. - .
6. b. . 12. a. _ -
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. . Ny STUDYUNIT 3 -
: . GRS-WELDING PROCESSES’ SR ‘ :
\ STUDY URIT OBJECMVE: UPON SUCCESSFUL COMPLEFION OF THJS STUDY UNIT, YOU WILL
© IDENTIFY OXYACETYLENE WELDING EQUIPHENT, PROCYTIURES OF' OKYACETYLENE BRAZING,
W/ .-, . VELDING AND CUTTING OF METALS, GAS-WELDING SAFETY PRECAUTIONS,-WELDING EQUIPMENT
SadiPu * JROUBLESHOOTING, AND INERT-GAS-ARC WELDING PROCEDURES. o

B <Oxacetylede welding 4s a gas-welding précess in which the necessary Hgat'is'gbtained by
* -y . burning’g mixture of oxygen qu acetylene. These two gases are miXed in the desired
proportions in a tortigehich can be Gontrolled-by the operator to provide any required flame
_adjustments. In general, the edges to'he welded by this process nust be properly prepared, and
L o consideration nust be given to the cortect spacing and alinement of the parts., A good veld
rqguires a proper torch tip size, correct.flame adjustment, and skillful rod and torch
. manipulation. Under some conditions, special procedures are necessary, such as -preheating and:
~slowcooling (chap 1, see IV) and $tress-relieving after welding. For welding some metals, a
> flux is required to remove oxides:and slag from the molten metal and to protect the puddle fron
the action of oxygen from the airru!For,welding light sheet metal, the edges nust be prepared
in a-butt joint. No filler metal is required for 1ight sheet metal. For welding: heavy sheets
and-plates, filler metal is required and the edges of the seam must be prepared to pernmit
penetration of the filler metal inte the root of the joint.

4

Work Unit 3-1. OXYACETYLENE WELDING EQUIPMENT

v _ - .IDENTIFY TWO GAS CYLINDERS USED IN OXYACETYLENE WELDING BY COLOR CODE.
¢ IDENTIFY THE -PRESSURE RANGES ON THE, THO_ HIGH-PRESSURE GAUGES USED IN OXYACETYLENE
WELDING. . ) :
R . . ' . - ¢
™ The equipnent used for oxacetylene welding ol .

e SATREY FUSE PLUG

consists of a source of oxygen and acetylene, together ASMBIOS CLOt-  ~y
~ " with two regulators, two hoses, and a welding torch ' ‘ -
. with a cutting attachment or a separate cutting torch.
“  In additions suitable goggles are required for eye
protection, gloves to protect the hands, and wrenches . __ .
for the vdrious connections on the regulators, torches,
and cylinders.

oo "-\’louonul_
' : AMESTOS

#" : WXTUE OF A13A ¢
WOOD AND | —--— .-~
’ PAHUSONAL LARTH i

- . ]
- ‘ ’ A P ASRESIS o —

SArETY
l rust

nues é(

" Figure 3-1. Acetylene cylinder.
o . =

- N : n

-

. . ‘ Vi o @ . .
a. Acetylene cylinders (fig 3-1). Acetyléne is a fuel gas made of carbon and hydrogen -
* {CpHp). When burned with oxygen it produces a very hot flame of a E@;perature be tween

5,700° and 6,300°F." Acetylene is cdlorless, but it has.an odor that{is easy to distinguish.
Acetylene stored in a free state under pressure greater~than 15 psi ¢an be made to break down-

1 by heat or shock, and will explode, Under a pressure of 29.4 psi, acetylene becomes self-
explosive and the slightest shock will set it off. However, when dissolved in acetone, it can
be compressed into cylinders ‘at pressures up to 250 psi. The acetylene cylinder shown in figure

-+ 3-2 is filled with porous_materials, such as balsa wood, charcoal, shredded asbestos, Corn
pith, portland cement, er infusorial”earth. Infusorial earth is a absorbeny material conpgsed -
of decayed organic matter. It is used to decrease the size of the open spaces in the cylfhder.
Acetone, a.colarless, flammable 1iquid, is. added until about 40% of the pprous material is

. filled. The filler acts as a-sponge and absorbs the acetone, which in t absorbs the
acetylene. When acetylene is used from a cylinder,_i} should not be drawn off at a continuous
rate in,volumés greater than 50 cu' ft per hour. - Thé precaution is necessary to prevent the
drawing off of the acetond and consequent impairment of the quality of the weld. Acetylene

- cylinders ayre equipped with safety plugs having a small hole ‘in the center that is filled with

£ an al1loy that mglts at approximately<2120F. In case the cylinders.overheat, these plugs will
melt and permit the acetylene to escape before a dangerous pressure can be built up. ,The holes

, are also too small to permit.a flame from burning back into the cylinders, should the escaping
gas become ignited. - - ' : , < - ) :
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. s b Industrial gas- identification. Becayse of the many types of -industrial gases .that are

bottled and used for Various types of operpt?pns, a rigid colom code has been established making

- it practically fmpossible to confuse gasés and mistake one gas cylinder for anothér. Industrial
gases have been divided into eight classes each with a basic color. Industrial gaseg are always
marked with a basic color of taa; medical, hlue; toxic matertals, brown; refrigerants, orange;

» sfyel, yellow; fire fighting, red; inert, gray; and exidfzing, black, except for oxygen which is
.green, Acetylene, which is a fuel gas, ds always in.a cylindek painted yellow witii™the name of
. the_gL§ stenciled lengthwise on two sides of the cylinder, in 2 nch letters. -Twa 3:1/2- x 2

1/2~1in. oval decals ‘are affixed {o opposite shqulders ‘of the bottle to show the name of the gas
and necessary precautions.for its use and handling. Bottles should never be painted any color
other than those indicated ‘dbove. If it becomes necessary to camouflage bottles, either use °
drape nets or make cowers for the bottles and then camouflage the covers. .

* v

oxygen. Oxygén Is tasteless, colorless, odorless gas that is slightly heavier than air. It is
nonf lanfable, but when combined with other elements it ‘will support combustion. Oxygen in its
Tree state is qne of the most common clements. The athosphere in,which you breathe is made up
of approximatety 21 parts of oxygen and 78 parts of nitrogen, the rest being rare gases. When
supplied for use in oxyacetyl#ne welding operations, oxygen is contained in a.seamless steel
cylinder (fig 3-2) which has a capacity of 220 cuft of oxygen.at a pressure of 2,000 psi at a~
_ temperature of 700F. Remember that anytime oxygen comes in contact with 'oils or greases N

un@er pressure, it will ignite violently. For this reason, DO NOT lubricate any oxyacetylene
equipment. This includes.cylinders, valves, regulators, hoses, or any other apparatus. Remave
any traces of grease from your hands'when'workipg with oxyacetylene equipment. :

@
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) ~Fig 3-2. 220}Eu ft oxygen cylinder.
d. Regulators (fig 3-3). The gas pressure in the oxygen and acetyle ottles is too high
for normal usage and must thereforé be reduced to a pressure suitable for working. This is
accomplished by the use of regulators. There are two types of regulators, single-stage and
*2-step. The difference between the two types is that the single-stage reduces the gas pressure
in ope step and the 2-step performs the same work in two stages and less adjustment is-
necessary. The one that is used most frequently and the one that you will‘éome into cortact
with will be the single-stage regulator (fig-3-3). The regulator mechanism consists of a
- nozzle through which the high-pressure gases pass, a valve seat to close off the nozzle, a
diaphragm, and balancg springs. Pressure gases are provided to indicate: the pressure in the
cylinder as well as the working pressures. The inlet gage is a high-pressure gage which
records cylinder pressure. The outlet gage’is a low-pressure gage which records the working
-« pressure. The acetylene regulators are of the .same type as the oxygen, but are not desqigned to
withstand the high pressure as are those Used with oxygen. In the oxygen regulator, the oxygen
passes through a glass wool filter on the high-pressure inlet side, which filters out dust and
dirt. Turning the adjusting screw in allows_the oxygen from the high-pressure side to flow to
the low-pressure chamber of the reguTatoyy through the rejulator outlet to the hose. Turning
the adjusting screw to the right increa e‘bthe working pressure, and turning it to the left
.. decreases - the working pressure. On the oxygen regulator, the high-pressure gage is graduated
' from O to 3,000 psi; on the acetylene regulator, it is graduated in cubic, feet from 0 to 220.
This permigs determining cylinder pressure and cubic content. The gages are graduated to read
- corréctly ht 700F. The workindwpressure gage is graduated in psi from 0 to 50, 0 to-200, and
0 to 400, depending on the purpbse for which the regulator is designed. For example,
regylators deSigned for heavy cutting have gases graduated fnéh 0 to 400 psi. :

! . ; '.‘. 3_2.. .
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c. Oxygenpcylinders (fig 3-2). Oxygen fs supplied in green bottles and marked to indicate
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. ’ d’ L “: « Fig 3-3. Single-stage regulator. , - . \}
N v . [ . - - 4 .
e. Welding torches (fig 3-4). The oxyacetylene ;;)ding torches are used to mix the oxygen
and acetyTene gases Tn~the proper proportions and tb control the volume of these ‘gases at the
welding tip. Torches have two needle valves, one for adjusting the flow of oxygen -and one_fqt‘ﬁ
“adjusting the flow of acetylene. In addition they have a handle,* two tubes (one each for
* . oxygen and acetylene), a mixing head, and a tip. The tubes are silver-brazed to the head and
the rear end forgings, which in turn are fitted 1?lo the handle. -Welding tips are made of
copper and come in various sizes to handle a wide frange of plate thicknesses. There are two
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B. Equal-pressure torch E

-~ Fig 3-4. MWelding torches,

types of welding.torches, low-pressure and equal-pressure . In low-pressure type (fig 3-4A) s

the acetylene pressure is less than 1 psi. A jet of high-pressure oxygen is necessary to .

produce a suction effect which draws in the required amount of acetylene. This {s accompTishédd

by the design of the mixer which operates -on the injector principle. The welding tips may or
may not have separate injectors designed into'the tip. In the medium- or equal-pressurestorch
(fig 3-4B) the acetylene is burned. at pressures from 1 to 15 psi. These torches are“made to
operate at equal presgures for acetylene and oxygen. They are easier to adjust and, because of

the equalepressures used, you are less likely to get a flashback. This means that the flame is .

léss likely to catch in or in back of the mixing chamber. Welding tips and mixers are made by
di fferent manufacturers. and differ in design. Some makes of torches are provided with an-
individual mixing head for each tip. Others have one mixer for different size #ps. Some are
1-piece, hard copper tips. Others are 2-piece and include an extension tub o' make a '
connection between the tip and the mixing head. Tip sizes are designated by nurbers; each
manufacturer has his own arrafgement for marking them. Tip sizes differ in the diameter of the
hole to obtain. the correct volume of heat for the work to be done. No matter what size tip you
use, in order to obtafn the right flame and keep it burning propenrly, it fwust be kept clean.

Quite often these orifices (holes) become clogged: Obstructions cag be removed by’ the use of.
_tip.cleaners (small wires of the proper diameter). Tips should not be cleaned with drill bits

or hard, sharp instruments, as these tend to increase #0le size and thus reduce efficiency.
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- f. Setting up and operating equipment. 1In setting ap and oper&ting oxyacetylene
equipnent, a fire extinguisher should he available in the event of an emerqency)"Rm«nber that
you are working with a gas nixture that is highly flammable and explosive. Renmove the cyWinder
caps and open the valve on each cylinder slightly. This will Btow out any dirt or obstruttion
that may be lodged in the outlet nipples. .Attach the regulators to their respective cylinders
and tighten the union“nuts with the apparatus wrench. Pay particulggfattention to these
- regulators; do.not attach an acetylene regulator to an oxygen-cylird@fr. To prevent this, ‘the
majority of acetylene cylinders-are equipped with dutlet valves with left-handed threads.
Attach the red acetylene hose to the acetylene regulator; both of these attachments have left-
hannded threads to prevent nispatching hoses and regulators as well as torch controls. Attach
the green oxygen hose to the oxyyen regulator; the threads on these attachments are right-hapded
and ‘tighten with the apparatus wrench. ‘9 Release the regulator adjusting screws by turning them N
'counterc]ockwf%e until they are Toosk." Open the acetylene ‘tank valve to a maximum of 1 1/2 ‘

turns, -{1/4 to 1/2° turn is NOR;QLLY sufficient). Open the oxygin tank valve to full open. . N

Never open ,these valves untiT Jou have released the regulator a8justing screws. Blow out each
hose one at a time by turning the regulator adjusting screws-clockwise. After you have done
~ this, release the“adjusting screws. Congect the hosgs to the torgh, red hose to the connection
> gland narked AC, and green hose to the*gland iarked 0X. Here again you encounter left-handed
threads on the acetylene conmections and right-handed threads on the oxygen connections.
Select the proper tip size and attach to the torch. "Tighten the tip moderately. To adjust the
regulators for. the workin pressures of the gases, open first the acetylene torch needle valve .
and adjust the regu]a;or. o vbtain the correct pressure, then close the valve and adjust the
oxygen working pressure in the samedhanner. Working pressures will differ for the type of work L W
being perforned and the tip size. ’ L///),

g. Flame adjustnent. To 1ight the torch, open the a /yetylene needle valve and light the
torch. When thé torch 1s first 1it, there is not enough”oxygen to provide conp]ete combustion;
therefore, the flame is long and bushy de yelloWish in color. Before opening the oxygen.
valve, adjust the acetylene until the puUre acetylene” flame leaves the end of the tip so that
the base of the flame is approximately 1/16" to 1/8" away from the face of the tip. At this
adjustment the flame is stable and free from flashbacks and backfires. Open the oxygen valve
slowly until. the flame changes to a bluish-white color and,forms a bright inner coné surrounded
by an outer flame envelope or sheath flane. The next step is to, begin to weld.
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h. Oxyacetylene welding precautions. When you are involved in any oxyacetylene welding
operations there are a few precaufions you should observe fo produce a sound weld. Not only

does skill in controlling the motion of the flame, the.rod, and the molten podl of netal
. produce a good weld, but some of the. steps Tisted below are necessary: ]

1

Use a neutral flame for welding most steels. . - I )
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U{e the tip size and volume af flame sufficient to reduce the metal to ; molten
sfate and permit complete fusion of the‘f11ley rod_and the base metal. ‘

. - . . ¢
~ Avoid excessive pressure of the gases as this gives a harsh flame and makes it
difficult to control the nelting netal.

Permit the pool of molten metqlato progress evenly down the joint as the weld is
b : ’ being made. ‘ N e 0 .

Hold the tip of the inner cone (fig 3-5) slightly’above the work and do not permit
{t to come into contact with the welding rod, the molten pool, or the base metal. .

O flold the flame so thas the molten pool is protected from the, atmosphere by the
- outer flame envelope (fig 3-5), ' . R ,
. . 4 k . .
o— . EXERCiSE: Answer the following questions and check your résponses against those listed at the -
Lo end of this study unit. Wy . . O\ Lot
i . . AN ~— .
1. A method that wiH=produce a weld without filler metal or pressure when-light sheet
metal is being welded ¥s I\ ) -

"a. oxyacetylen;“ﬁélding. c. forge welding. ; .
b. . brazing, : v "d. .resistance welding. . "

]

2. The reason acetylene gas can Be confined -in cylinders at 250 psi without becomming
explosive is the : ,

‘ . a. cylinders are filled with absorbent material. | . : ]
» b. acetylene is dissolved in acetone under pressure. :
c. cylinders are only filled 40%. o .
“ d. cylinders are equipped with safety plugs. ’
' \ . . <
: 3. The statement which best describes oxygen is that
. 3 / Y ¢ 7 . g w
~ W a. 1t is always combined with other gases. L
D b. it is ruch lighter than air. ~ - K '
3 c. 1t-supports combustionsby combining with other gases.
, ' d. 1t passes a distinctive odor. - °
<!\ Vo ¢ . . - 1‘
741 The_h?gh\?ressure gauge on the inlet side of the oxygen regulator is graduated from
to psi. ) .
a¥o 1,00 ¢, 0 - 3,000
. b. 0 - 2,500 o * d. 0 - 5,000 "
g B - . ) .
5. A cylinder of gas that bares no marking except for the orange color of the cylinder

contains a {(an) . ] gas. . -

o a.- refrigerant : , 6. oxidizing
b. fuel * . . d. oxygen

) 6. The ﬁiih pressure gauge on the inlet side of the acetylene regulator is graduated
*from ' . b . o
" a. 0 to 220 cu. ft. "c. 0 to 1,000 psi.
‘ b. 0 to 200 cu. ft. . d. 0 to 2,000 psi. R

: 7. -The maximum nunmber of turns that the acetylene tank valve should be open is

~ a. 1. | ‘ o c. 2. S
. b. 11/2. & - - d. ~ full open.
8. A welder using a 2-step regulator has' the advantage of' ’
S _ ' . | . i
£ a. reduced total pressure. , c. less pressure adjustments, . R
LR - b. safety. . d. 1increased working pressure. !
4 Y
.F'- . - s . . \ " - - .. ’ - .- ’ |
'..‘. ‘ ,. | 7 . ) - 0\ 110 | 1‘ . )
. . . ot 3-6 : Y
o ’ o I .. . * SR
~ 4




N

~R

-
v

.9. The best means of identifying .an oXygpn hose from an acétylene hose is

a. by the left-hand threads on the brass coupling. T
b. that it has the word "oxo" stampedipmit.

c. that an oxygen hose is red. o

d

. that an oxygen hose is green.

10. The color of an acetylene bottle is ) P

»
%, yellow. c. -green.
b. orange. ) d. gray.
- 11. The color of an oxygen bottle is ' oo
‘ . a. yellow. | . C. green.
b. orange. . . _ d. gray.

Work Unit 3-2. OXYACETYLENE BRAZING
h IDENTIFY THE TWO ALLOYS USED IN BRAZING.

a. Brazfng with silverrbaséd alloys. Brazing with silver-based alloys (commonly knqwn as

silver‘squEringI'fE S}protess where bonding is produced by heating the metal to.a suitable -~ -.

temperature .above 8009F, and using a silver alloy filler metal’ that has a melting point belov'ﬁ
- that of the base metal. Joints designed to employ capillary attraction (the principle by which
an ink blotter blots up ink) are best suited for silver soldering because of high strength

. obtained,” Because'of the low flowing temperature of the silver solder, 1ess 'heat is required,

. thiis offertng a number of advantages. The low temperature used in silver soldering avoids the
heating of the parts to be soldered to a point where the physical pro¥ert1es of the metals will

. be impaired by distortion, warpage, loss of ductility, etc. Silver alloy filler metails can be

'”'7{5 ‘uged'ori virtually all ferrous and nonferrous metals with the exceptions of aluminum, magnesium,

and metals having a melting point below that of the solder itself. Practically any metal that
gs above 1,200°F can be satisfactorily joined. The strength of a silver-soldered

o can.be heat
(i£> joint depends .on the joint fit-up or the distance between the two metals being solderpd, and

“ th q‘a]ity Of the bond. between the .filler metal and the base materials. The heat reguired on
thq base metal opens the pores, so to speak, on the base metal and allows.the solder to

v . \pefletrate these pores along the surface of the two metgia. This .Ciuses a physical bond between-

iller and the base metal. It is ‘this bond that prduces the high strength of a soldered

joint) Parts that are silver-soldered should not be u where they are to be subjected to
temperatures that exceed 500°F. The silver solder bond becomes progressively weakgr as the
temperature increases. Silver solder can be obtained in grades with a silver.content ranging
from 10% to 80% and having a nelting point from.1,1600 to 1,6000F. It comes in strip,
wire, rod, and granulated form. The strip form is generally used in fixed setups where“the
solder can be placed before heat is applied. The rod and wire forms are mainly used ffor Joints
where it is preferrable to apply the solder by hand. The type df joint uged is’ an important
factor, as the preparation, fit-up, and results obtained differ from those obtained in {fusion

pwelding. Silver solder should not be used as a filler material. These alloys flow in harrow
openfhgs, and the strongest joints result from using small clearances between joint .surfaces.
The recommended joint clearance at soldering temperature is between 0.002 and 0.00% irich.
Basically there are two types of joints used in silver soldering, the lap joint and the:square
edge butt Joint (figs 2-6 and 2-10).  The lap joint is the most common, as it employs cdpillary
attraction and is the strongest. To insure quality and a good sound soldered joint, it is

. important that a clean, oxide-free (scale-free) surface be used. All oil,. grease, rust, dirt,
and oxides must be removed from the base metal and the filler rod to insure complete capillary
attraction throughout the joint. Any coating over the parent (base) metal must also be
removed, for example paint and lacquer, as well as plating materials, such as chromejgcadmium,
etc. It is recormended that soldering be done as soon'as possible after cleaning off<the base
metal and filler metal. ' : .

»




- rotary valves, guides, and other sl1iding surfaces on pumps, en
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{1) Fluxes. A flux is required when silver soldering to effect a good, strong, uniform
~ Joint. A good flux should accomplish a number of objectives. It should react with
.surface films, such as oxides, reducing them and enabling the metal to present
clean surfaces to the molten silver a1loy. It should form.a protective film during
‘ the soldering and thereby prevent reoxidation at the elevated temperatures required
for the soldering, and 1t should allow the silver alloys. to flow freely. The use
of a flux does not avoid-the need for cleaning the parts before soldering. The
purposes of the:flux is to suppl t the initial cleaning procedures by
: "dissolving, restraining, or othg}?‘ge rendering ineffective those products that
. . would otherwise lessen the quality.of the joint or prevent bonding. Flux comes in
‘ a variety of forms, such as powder, paste, l1iquid, and solid coat?ng for
apglication to the silver alloy filler metal. Fluxes must be removed after
soldering 1s completed, since trapped fluxes can weaken and corrode the joint.

(2) Heating joints. Since oxyacetylene torches provide the highest flamé temperatures:ﬁ
The torch should be large- enough to allow the use of a neutral or slightly
carburizing flame. The tip size depénds on the thickness of the base metal. Don.t
Tet the inner cone or carburizing flame touch the metal, as this will cause the .
filler metal to be sluggish at .the flow point and the flux may be burpeg. The
tor¢h should be kept.in motion all the time, as holding it in-one plale-too 1ong
can easily overheat the base metal and flux. If a‘part is overheated, capillary
action 1s hindered and the parts nmust be recleaned and all oxides removed. Low
heat and cleanliness are the secrets in silver soldering. (n a large scale you

: must preheat the metal well away from the joint, especially when so?dering metals

. which heat rapidly throgghout. Care must be taken when soldering metals of unequal
‘thicknesses or unequal leat conductivity, because it 1s necessary that each reach
‘the soldering temperature at the same time. The indication of complete bonding
through,;the joint is forming a small fillet at the face of the joint.

i . .

b. Brazing with copper-based alloys. A process that utilizes copger-base filler alloys,
but employs jJoint designs sinilar to those used in oxyacetylene and arc welding, 1s known as
braze welding. The fact the brazing welds without melting the base metals greatly simplifies
the welding procedure, and since it requires less heat, the speed 1s increased. Consequently
less time and less gas are required to do a givem job. Because of the less heat required for
brazing, preheating is easier. All that is needed is local preheating (8000-9009F ). -
Naturally, expansion and contraction are greatly reduced, thus making it possible to repair
broken castings and other parts in place, saving time and the expanse of dismantling and
reassembling. Brazing is widely used not only for welding broken castings, but also in the
rebuilding of missing or worn parts such as gear teeth, valve 3gsks, and seats. Pistons,

nes, and machinery parts may be
sucgessfully repaired and rebuilt with braze welding. Braze welding should not be used where
it would be subjected to temperatures in excess of 6500F. The best filler metal for brazing
has about 60% copper and 40% zinc content. This ratio will produce the best combination of

high tensile strength and ductility. The alloy possesses considerable strength when hot and

sol idifies quicker than any of the other copper-zinc combinations. This is an additional
advantage, since a quick-freezing alloy has much better weldability than one which remains
mushy over 3 wide temperature range. Strong braze-welded joints depend on proper preparation,
the correct technique, the strength of the %{jler alloy, and(&pe_bonding of fi11ér alloy and
the base metal. Adequate preparation, which\includes thorough cleaning, is essentfal. Removal
of all oxides, paint, and plating substances from the joint surfaces is necessary. The metal
on the underside as well as on the top of the joint must be bright and clean. If the parts to-
be joined are less than 1/4 inch thick, it is not necessary to "¥" the edges, but if the base
metal cross section is over 1/4 inch, the edges must be beveled {cut at an angle) to about a
900V, The cleaning of the joint surfaces should éxtend back from the joint about 1/2 inch to
pernit easy tirning. Without timing, a satisfactory braze-wetded joint is impossible. Once

" you have the parts properly’.cleaned, the next step is to aline the parts by the.use_of clamps

or tack welding. “When braze-welding a casting, you must heat it along the 1ine of the weld.

.The temperature of the welding heat will set up strain, due to expansion and contraction, -

unless e casting {s preheated. 'In small castings, up to about-100 pounds, the heat from the
torch is Sufficient to preheat the entire casting. Besides providing for the relief of
stresses, preheating speeds up the brazing operation and requires the use of less oxygen and

acetylene. , ) 1 .
(1) Fluxing. The use of flux 1s essential when braze-welding with oxyacetylene.- It is-
needed for two reasons: tao remove oxides that form ahead of the weldipg zone due
" to oxygen in the air, and to dissolve the oxides formed in the brazing operations.
Use:pleaty of flux but add it carefully. The puddle should not be made mirror '
“clear, but should be s1ightly clouded with oxide.. Where the welding is rapid, it
is best to coat the€ entire filler rod with flux, If the operation is slow, as with
. heavy castings, you can dip the hot end of the filler rod into the flux and add to
the puddle as required.- . ‘ . . ///'*-
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(2) Tinning. After you have properly prepared, cleaned, alined, fluxed, and preheated
the parts, if necessary, you tack-weld them together. Then you heat the metal with [
A torch at the point where the weld is to start, using a slightly oxidizing flame.
This aids in serving a better bond between the filler and base metals and assists
in keeping a slight film of oxide over the puddle. Play thetorch, using a _ y
circular motion, ever the part to be heated. As the base meta ts hot, test its
temperature with a drop of nmetal from the welding rod. When the-Pase metal
temperature 1s right, the molten filler metal spreads evenly ovér the surface,
producing a tinning coat on the base metal. You can tin thé base metal only when _ -
conditions are right. If the base metal #s too cold, the filler metal will form ’
Tittle balls 1ike drops of waten on a hot stove. Tinnin? 1s the most important
. step in the braze-welding operation. The free-flowing filia of alloy forms the
intimacy of contact necessary for the bonding of base metal and filler metal. \lhen
the irmediate area under the flame 1s t{nned, additional metal is added as
necessary to fill the V. Tinning must at all times continuously precede filling
the joint. As the tinning action progresses, you continue to feed the bronze r
welding rod into the molten pool to build the weld to the desired size. The puddle,K
should be small in size, but increase as 1t is moved forward until_it completely ,
fills the ¥ and a full-sized braze weld is made. Good braze‘weldiﬁg copbines into
one continuous action and tinning and the building up of the weld. The inner flame
cone is kept from 1/8 to 1/4 inch away from the sunface of the metal. Usually the
flame 1s pointed ahead of the completed weld at about a 450 angle, with the
- puddle under and slightly behind the flame. The proper rate of braze welding fis.
controlled by the rate of tinning; never flow the rod faster than the tinning & =~ .
action. After you have finislied the welding operdtion, you should play the torch
over the weld and on either side of the weld for several inches, continuing this
until all pagts have been brought<to an even heat. The parts should be allowed to
) cool slowly and should be protected froir drafts and cold air. Never stress {try to
_bend or use in any way) a gaze-welded Joint until it has cooled completely.

A

c. Hard-surfacing. Surfacing is a process in which a layer of special ferrous. or
nonferrous alloy is welded to the surface of a new or used part to increase resisté%ce to o
impact, corrosion, abrasion, erosion, or to obtain other properties. Surfacing is also used to
build up undersized or worn parts.  Hard-surfacing alloys are of many types, each one best
adapted to combat the destructive forces in a given operation. No single hard-surfacing
material 1s satisfactory for use on a¥¥ occasions. For the purpose of simplification, these
alloys are generally ¢lassified into five:broad groups: :

(1) Group 1: Consists principally of an iron base with less than 20% of alloying
elTeménts.. The alloying elements used are mainly chromium, tungsted, manganese,
silicon, and carbon. Although not as hard, they have greater toughness and shock
than other hard-surfacing alloys. They are used to build a badly worn surface

+ before applying a better grade of hard-surfacing elloy.

(2) Group 2: consists of iron-base alloys having 50% to 80% iron and’more than 20%
alToyTng elements, mainly chromium, tungsten, manganese, silficon, and carbon.
Small precentages of cobalt and nickel are sometimes added. ' These alloys are used ~
for hard, wger-resisting surfaces. -
" (3) Group 3: Consists of nonferrous alloys of cobalt, chromium, and tungsten, as welf\
as ogﬁer nonferrous hard-surfacing metals. They are available in different
grades. All are highly resistnat to weak, but possess a toughness and range in
strength that pernit use for 'a wide variety of purposes. They resist heat
corrosion and errosion. These materials are used extensively for fabricating valve
seats in internal-combustion engines. ' ) :
(4) Group 4: Consists of alloys af so-called carhide materials or diamond substitutes ' !
which are the hardest and most wear-resistant of all hard-facing materials. Some )
‘ of these alloys contain 20% to 90% tungsten carbide. The remainder of their
~content 1s cobalt, nickel, iron, or similar metals. They give strength, toughness,
Sheat resistance, and impact strength to the tungsten carbide. - :

Y . : A _
(5) Group 5: Consists of alloys of crushed tungsten carbides of various sizes. These
mqy-Ee

fused to strips of mild or low-alloy steel embedded in hard-surfacing . '
material, or they may be packed in lengths, which may be applied to the wearing o s
surface as welding rod. ' ‘ _ o .  7{-
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¢ - In general, the hard-surfacing alloys or materials can be applied by either the oxyacetylene or

the electric-arc methods of welding. Alloys in groups 1 and 2 are welded to the base metal or
surface, Care should be taken to avoid puddling or mixing the base metal with the

hard-surfacing material, as this will }ower the wear-resistance properties of the surfacing .
coating. Those in group 3 are usually “sweated" to the surface, as in brazing, wtthout melting
the'base netal. None of the base metal penetrates into the hard-surface layer to reduce 1ts .
resistance tb abrasion or wear. The rials in groups 4 and 5 are not melted, but are bonded

by or embedded in mild or low-alloy’;2::$s,or hard-surfacing materials, which in turn are

welded to the base metal. Hard-surfacing alloys are supplied with an oxyacetylene flame and

rods of suitable design when it is desf¥ved to spread the material or metal oyer the surface in .
thin layers. The electric-arc method-i1s used when the surface wear {s severe and a somewhat }
irregular surface of the deposited metal 1s satisfactory. Before applying hard-surfacing

materials, the welder should determipe the conditions under which the particular piece will

‘operate and the type of wear expected. There may be present any one or more.of the following

factors which will increase wear: shock and impact, heat, corrosion, sliding or rolling - -
friction, or abrasion. In rock-crushing and similar equipment where resistance to shock and )
impact 1s more important and hardness only secondary, the hard-facing alloy of groups 1 and 2

are used. In valves designed for handling gas, oil, acids, high temperatures, and high-pressure

steam, resistance to heat, corrosion and erosion is provided by the group 3 alloys. Group 4 *

and 5 alloys, being very tough’and extremely hard, are used where the wearing surfaces come

into contact with earth, sand, gravel, as on blades of scrapers, grading equipment, rotary

drill bits, teeth on shovel buckets, and sinilar applications where a high resistance to

abrasion 1s desired. ' In nost cases, worn sections are rebuilt with hard-surfacing deposits

ranging.from 1/16 to 1/4 in. thick, depending on the specific application. Where 1t is

necessary to rebuild the parts in excess of 1/4 in., the parts are bui)t-up with group 1 type

alloys to form 1/16 to 1/4 in. of the finisked size. The final hard-surface deposit, .

‘consisting of groups 2 and 3, 1s added with some excess to permnit grinding to the final deSired . ‘,
dimensions. When thetharder and more brittle groups 4 and g'are applied, efther as a final o
hard facing, or a‘'single layer, the shape of the deposit should be carefully controlled. This

is important in, order that the shock or impact loads may be transmitted through the .

hard-surfacing metal into the tougher base metal. Corners, sharp edges, or built-up sections,

when not backed up by tough base netal, will chip or break off in service. ’

. .
8

EXERCISE:  Answer the followinQ questions and check your responses against those listed at the
ST end of this study unit, ‘ .

1. The most common Boint used in silver soldering -is’ joint. - .-
. a.” lap . ' C. sinJle-J <

b. s1hgle—¥ ’ " d.. single-bevel tee
2. The recormended join; clearance at soldering .temperature is between

a. 0.002 and 0.005 in. " . 0.005 and 0.008 in.

b. 0.02 and 0.05 in. . d. 0,008 and 0.072 in.

3. Vhen‘brazing a cast-1ron part, the base metal is at welding temperature when .

a. the part appears yel]ow:’
b. a tinning coat is produced. e
c. the flux appears tike water on a greasy surface.

. d. the basg becomes soft.
o ‘ y _
“4. To obtain high resistance to abrasion, you would hard-surface the teeth in a power
shovel bucket with group .. ' -hard-surfacing materials‘ . + !
Ca. ) ' c. 3 - N
bo 2 - d, 4 o . ’ - ) . . . A ) ,
5. The two alloys used in brazing are ‘. based alloys. ‘
7 - ' 0 LT / v

a. lead and copper c. aluninum and lead

b. copper and sflver d. magfiesium and silver
ot - - ) » -

i v




Work Unit 3-3.  OXYACETYLENE WELDING . : X
DESCRIBE THE TWO m-:n.oma TECHNIQUES .

a. Nelding technjqpes. Oxyacetylene weldin? may be accomplished by either of_ two
techniques, Forehand or backhand. Each has special advantages and the one used depepds on the .
position of the rod and torch during welding, not the direction.of welding. As far as, Y
direction is concerned, you can weld from left to right or from right to left. The best methbd v
to use depends on the type of joint, its position and the nécessity for controlling the heat
on the parts to be welded.

“ (1) Forehand (fi? 3:6). This is the oldest . .«
method of we ding, and the one Used nost. . pe ‘
In forehand welding, the rod is kept
ahead of the tip in the direction in . .
which the weld is being made. Point-the ’ _ . _
flame in the direction of the welding ‘ .
and hold the tip at an apgle of about . -
600 to the plates. The position of -
the flame preheats the edges just ahead
" of the molten puddle. By moving the tip
and the welding rod back and forth iﬁ
- opposite, semicircle paths, you balance
he heat to melt the end of the rod and
he sidewalls of the joint into a .
uni formly distributed molten puddle. As
the flame passes the rod, it 4elts a
- "~ short length and adds it to the puddle.
*  -The motion of the torch distributes the . i
" molten metal to both edges of the Joint Fig 3-6. Forehand welding.
and to the puddle. This meth od s used '
in all positions for welding sheets and
plates up to 1/8 inch thick, because it .
permits better control of 2 small puddle ‘
which in turn results in a smoother weld. _ <

I;’re

(2) Backhand (fig 3-7). In this method the . :
torch tip precedes the rod in the ‘ -/
direction of welding, and the flame is : ' <
pointed back at the molten puddle and B -
the rod. The end of the rod is placed
betwegn the torch tip and the molten
puddTe, and the welding tip should make
an angle of about 60° with the plates
of joint being welded. Less motion is
required with the torch and tip than it
is in the forehand method. If you use a
straight welding rod, rotate it so that
the end will roll from side to side and -
melt evenly. You may also bend the rod -
and, when welding, move the rod and
torch back and forth at a rather rapid \
rate. To maRe a large weld, you should
move the rod so as to conplete circles
in- the molten puddle. Move the torch
back and forth across the weld while’ -
advancing it slowly and uniformly in the Fig 3-7.,_ Backhand weﬁlng.
direction of the welding. You will find . :
the backhand method easier for welding , ;
‘material thicker than 1/8 inch. You can use a ﬁarrower V at the joint than is
possible in forehand welding. It doesn't take as much welding rod or puddling,. - -
and it.is possible to increase welding speeds and obtain bettér cbntrol and more
conplete fusion at the root of the weld by the use of the backhand nethod on
heavier nmaterials. ‘ IR . ) -

-

b. Welding ferrous metals. Low-carbon steel, low-alloy steel, cast ste&l, and wrought
iron are easily welded with the oxacetylene flame. A flux is not necessary with these metals,
but it-is essential that the molten puddle of weld metal be enclosed at all times by the
envelope of flame during the welding process. If the molten netal is allowed to contact the
air, i1t will oxidize rapidly. Excessive heat should be avoided, as too large a flahe
overheats the metal, and causes it to spark and burn. Either the forehand or backhand welding
technique may be used. The torch flame should be neutral or slightly reduced; do not use qg

l‘ | | CorE o3 ' ' : - B L
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oxidiging flaﬁe. Manipulaizﬁlhe torch and rod so that the tip of the oxyacetylene cane is
abou¥ 1/16 to 1/8 in. vrom the surface of the-metal. Helt.the end of the filler rod in the
puddle, not with the flame: The welding pf low-carbon steels and cast steels poses no

problems other than the selection of the rod. Low-alloy steels usually require prewelding and '3
postwelding heat-treatment to ré&lieve stresses developed during welding and to produce the »
required physical properties. As the carbon cogtent increases, welding becomes more

difficult. -Steelshaving a carbon content wit?in the range of 0.30% to 0.50% are welded wtth *
a slightly reducing flane and require postwelding heat treatment to develop the best physical

properties. Otherwise, the technique is the same as for welding mild steel. High-carbon and ’
tool steel require a slightly different technique. Slow preheating with the part protected
from cdol drafts to about 1,0000F is necessary. No flux is needed, but the weld should be
completed as soon as possible with a_parburizigg flame. Filler metal should be added a drop
at a timevjust where it is needed. To avoid oVerheating, use a smaller flafie and lower gas
pressure than that used for mild-steel. High-carbon steels must be heat-treated after welding
to develop the physical properties required. The procedure for welding wrought iron is the
same as that for low-carbon steels, but several points should be kept in mind. Wrought iron,

. as you nay recall, contains an iron silicate slag incorporated duripg its manufacture. This

slag will give the surface of the molten puddle a greasy appearance, so do not confuse this

appearance with actual fusion, but continue to &pply heat unti] the sidewalls of the weld .,
joint break down into the puddle. Best results can be obtained when the filler metal (usually
mild steel) and base netal are nixed i® the molten puddle with a migimum of agitation. :
Usually a single V-joint with a.600 to 800 -groove angle and a 1/16-Pnch root-opening s,
suitable for metal thicknesses“requiring an edge preparation. .

c. Welding nonferrous metal. While brazing and braze welding are usé& more extensively ¢ - 3
than oxyacetyTene weTding to maKe joints in nonferrous wetals, the fusion process is . .
frequently applied. In general, the joint designs ﬁoﬁfﬁelding nonferrous metals are the same 5

as those used for welding steel. Adéquate cleaning of  the weld parts, the wse of flux aeﬂ
ed !

filler metal are necessarys but with an oxidizing flame none is required as the
on the surface will protect the molten metal. Because-of the high thermal condifttivity of

copper, preheating to 5000 to 800F {s necessary to bring the joint up to welding .
temperature. For the same reason, use a torch tip one or two sizes larger than that used for

welding steel of the same thickness. After welding is‘completed, cool the part slowly.

Copper-zinc alloys (brasses) are welded with the.same technique except that. a siTicon copper

rod is used. A 2000 to 300°F preheat is satisfactory for brass. A slightly different ,
technique is used for copper-silicon alloy than that used for copper and copper-zinc. Using a q
flux containing a high boric acid content and a slightly oxidiziny flame, maintain a sriall

moTten pool of metal and add filler metal having the sane composition- as the base metal. As

the welding progresses, dip the rod beneath the flim covering the puddle. A small puddle is
desirable to permit the weld to solidify rapidly.” To weld the copper-nickel alleys, use a rod “~
having a.compasition the same as the base-metal and a flux designed for monel.. With a brush, _

. apply the flux jn the form of a thin paste to all parts of the joint and to the rod. Use a

lightly ‘reducing flame adjustment, with the tip of the inner coge just touching the base. ' R
?}al. Keep the end of the rod within the envelope of the flame, adding to the molten poot

thout agitating the pool. Linit the wélding of the base metal to no more than 1s necessary
0 insuph a good fusion. Run the weld the cggplete Tength of- the joint without stopping. . AN
A he weld is completed, cool it slowly and then remove the remaining traces of the flux -

W warm water. For the welding of nickel or high-nickel allows, a good cleaning of the weld

j¥nt is essential. -Straight nickel is welded without a Flux, but high-nickel alloy requires ‘

a special boron- and-borax-free flux applied as a thin paste with a.small brush. Both sides .
_of, the sean, top and bottom, and the welding rod have to be coated with the flux paste. Make . -
"the weld with a,very slight-reducing flange, keeping the flame soft, and u3ing a tip about one

size larger than that used for steel of the same thickness. Keep the tip of the cone in

contact with the molten pool and the welding rod within the protective flame at all times.

After the weld is completed, postheat the part, and allow it to cool slowly; then remove the
“flux with warm water. Sucessful weldipg of these, or for that matter any metals, requires a

great deal of skill that can only.iggérfrom practice.

h I

»

EXERCISE:  Answer the folloﬁfﬁg questions and check your responses against those listed at
the end of this study unit, - :

1. In wélding with the forehand or the backhand method, the angle between the -torch
tip and the work piece should be approximately . -

1

Ca. 159, . . c. 600,
b. 300. : d. 909,

116 A S
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2. In welding low carbon'steel the torch should be adjusted (\
$o use equal volunes of acetylene and oxygen.
to a slightly oxidizing flame. o
until the flame makes A slight rushing sound.

to a neutral or slight }y\reducdng flame.

oo

L 4

pl

. » 3. The tip size for welding non-ferrous metals.shoUld be larger~thén \
¢ requiredfor welding steel of the samé size. . R '
\ ¢
a. 1 {2Nizes , c. 4 sizes
-b. 3 — . d. ~5hsizes

A. Descrihe the forehand technique of welding. y

* 4

) e A ° \ ' ’
ot  —— "

[

5. Describe the backhand technique of welding.

: - ', : .
Work Unit 3-4. CUTTING METALS WITH OXACETYLENE _ . 4

IDENTIFY THE PROCEDURES FOR CUTTING METAL WITH OXACETYLENE. ~  § / o *
IDENTIFY THE FOUR TECHNIQUES USED IN CUTTING METAL. . . ) SO S

’ . ey i . ’,
\R IDENTIFY TWO GAS-WELDING SAFETY PRACTICES. & ’ - :

eﬁ}lene process for both - .
Bu “thed principle that :

a. It may be hard at first to realize that you can use th
welding and cutting, one being the exact opposite ‘of the oth
enables you to cut through inches of tough steel in.a shor tme 1s notkqo hard to
understand. The principle is that steel, when preheated $0 thé kindling %zmperature range :

(1,400° to 1,6009F), burns.very rapidly in an atmosphere bf pure oxygen. ?%So when a jet of = - N}
. @ o pure oxygen 1s directed on red-hot steel, a chemical reattion takes place. This rehction
: forms iron oxt?e and gives off a lot of heat. JThis heaf is sufficient to melt the iron oxide \ )

and some free iron which runs off as molten sT@g;—exposing more tron to the jet. It might be
said that the burning or oxidizih? process 1s an extremely rdpid rusting, the rust being v
formed under heat. Only the metal that is in direct path of the oxygen jet is’ affected. When 7 .
the steel s cut, a narrow s)it known as a kerf {s found. The steel or iron that is removed - ‘.,
from the kerf is only about 60% to 70% oxidized by the oxggen; the remainder is blown out the C

+ opposite side as mz%quic iron. The walls of the kerf that are formed by, this cutting action . -
are fairly smooth and parallel to each other. Under skilled workmanship/and controlled . _‘
torches, very accurateTuts can be made, and the cutting_torch becomés n 1ndispensable too)

. in _the shop. ' _ ) ' : "l

P (1) Cutting equ[pnent. In general, the oxyacetylere cutting’ equipment is the same as L
The oxyacetyTene welding equipment with the exceptioq?;:éthe torch. The cutting ’ P -

torch mixes oxygen and acetylene in~definite proportidns, burning the mixture in _ "¢
preheating flames.which are allowed to heat, the work d directing a jet of pure e
oxygen at high pressures to er the métal along the f the cyt. The - >
cutting tyrch (fig 3-8A) consi of a handle, comecting tubes, and a head. The ’
handle ¥s: qu1pped with.the oxyge}~and acetylene hose connections at lhe rear ' ‘ ’l e
end. A needle valve in the acetyTene, inlet connection controls the sﬂbply. " The ™
' . oxygen furnished to the preheating flxnes is regulated by a preheat valve on the , . B !
. side of the handfe. A high-pressure oxygen valve, ‘with its spring and seat o
- operated by a trigger or lever, controls the cutting oxygen. The preheating.
.. ' gcetyléne and oxygen.are mixed. in the head of ‘the cutting torch. There is also’a’ * _ :
' cutting attachment which fits the head of the standard welding forch (3-88). This . .
__attachment s very useful ~for. fntermittent cutting and welding Aaf lighter B <
"sections. With this type of attachment, the preheating ga:es aréynixed in the. . .
torch head ‘and are controlled by the oxygen acetylene needle valves.- The .
high-pressure cutting oxygen is controlled,by the ogygen vajlve lever located on -
the cutting attachment. The use of this attachment 1s n ecommended for .
sustained heavy cutting operations 5rch work -should be done with hquy-duty
‘cutting torches. . ' . .
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Whether you use a gutting torch or ‘cutting attachment, 4ou will notice that the )
‘ 4 /%ips are made the same.way. The cutting tip is made with a number of orifices as 1
!  shown ig figure 3-9, The jet of oxygen that actually does the cutting.is emitted /-
. ' from thd center hole, and the smaller holes surrounding the center hole are for
"~ oxyacetXlene preheat flames. e tip size:is usually marked so that the larger
. ~ the is, the biyger the thp is. The taper-sealed, separagle cutting tip is
' : held the cytting torch head the tipenut. Cutting tips are supplied in 7 :
s, various length“and shapes as well as sizes. Bent tips are used under various :
condi tions such as gouging, scarfing, rivet cutting, and flame machining. When
7 I'*\ . ! .‘_ f ’ > = .. . . / N . { . .
$ . - 3 - -~ N
S ' S R - L s '
. . ) L } -
\ " sy - - Fig-\3-_~9. Butti'ng tip constructiorfi". T 4
! using the cutting torch, don/t hold the tip too close to the metal when starting a
' . cut, as the blowing action of the oxygen blast tends to bounce the mo]tén metal
and slag from the cutback tg the torch tip.. When this happens, the tip holes must
be ckeaned with the proper-size tip ¢leaners® Don't improvise. Use the _ '
proper-size tip cleaner and push it into the clogged orifices; don't rotate it.’ _
. If the end of the tip_becohes rough and pitted and{the hdles become oversize '
(belimoythed), you can recondition it by placing a piece of emery cloth, grit side ), /
. . RGNS -\ 'y .
. . ) ) 3-] 44 . Lo . .
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up, on a flat surface, and holding the tip perpendicular to the emery cloth, ' .
rubbing 1t back and forth just enough to true theesurface and bring the orifices

back to the original diameter. After cleaning the tip, test it. If:the flames

are short, ‘the gas passages are partially bYocked and if the preheating flames

snap aqut when the valves are shut, the holes are still bellmouthed and the surfaece

needs more work.. If the tip seat is dirty and scaly, heat it to a dul) red and

quench in'water. This loosens the scale enough so that it can be removed easily

with a ¢loth. Tip style and size are governed by the operation being performed

* and thickness of the material being cut.. Cutting-tip numbers, gas pressures, and . /

U

Various manufacturers\do not adhere to the numBering of tips as set forth in this table;
" therefgre, some tips may carry different identification numBgrsQLi -

o
+

-
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i E{g 3-1Q. Oxyacety‘;ne cutting information. - k‘ o )

Operating cutting equipment. . Attach the proper” tip to your cutting)torch for the
ckness o e metal Yo be cut and adjust the oxygen and acetylene pressures.

For cutting mediym steels, adjust the prgheat flames to neutral. Hold the torch

perpendicular to the work, With the inney corfes about 1/16 in above the end of the - gf

* line to be cut: Hold the torch in this fRosition until the spot beneath it has

been raised to bright red heat; then operi the oxygen valve slowly but steadily.
If the cut has been started properly, yoy should see a shower of sparks fall from
the opposite sid#®f the work, indfcating the cut*isagoing through the mgtal.

*Move your torch forward altong the line fask enough- for the cut to continue to

completely. penetrate the work. If you have\hade the cut properly you will get a

clean, narrow ketf Which 1ooks 1ike one you might get by sawing. You will have to

move the torch along at just the right speed, not too fast and not too slow. If

your cutting speed is too slow, the preheat fl:ve will melt the edges and way weld _
them back together. If you go too fgst, the oxygen will not penetrate completely "
‘through the metal and you will have'to stop and go back and start the procedure

over again.* Try to make a_smooth cut. Anyone who can Fight tha torch can cut ‘ :
steel .after a fashion, but it takes a sharp metalworker to -get a smooth cut. If

.

it isn't perfect, check the following points:

e flames are too Jondy—tW€ top of -the cut will be fused

Oij}n'pressure. Too low an dxygen pressurg will.melt the top edges. If the
pressure 1s too high, the cut will*be rough and irregularm ) -

hand-cutting speeds used for cutting mild steel up 'to 12 inches thick are shown in
figure "3-10. . N - - : .
s , .
’ L tae
L]
- LI .
-Plate ‘ : S Oxygen Hand-cutting )
thickness . Cutting tip (1) . - pressumse Acetylene "~ .spead ot
(in.) ~ | (stze number) - (pst) _ (pst) , (in. per min)
S ) N -
14 0o - 7 5 3 “N\16 018 .
3/8 1 . 30 3 . 14.5 to 16.5
1/2 1 40 o 3 12 to 14.5 < 0
3/4 2 40 3 12« to 14.5 -
1 2\ . 50 3. 8.5 to 11.5 -
11/2 3 , - < 3 6.0to 7.5 . i&
2 4 50 - -3 5.5 to 7.0 .
A _ "
3 5 A5 T 4 5.0 to 6.5 °
4 . 5 60 4 . 4.0to 5.0 \
5 6 50 v ’5 3.5to 4.5 .
6 6\ 55 s .5 « 3.0 to 4.0
8 7 60 6 2.5 to 3.5
10 . 7 70 6 2.0 to 3.0
12 8 4 70 6 . 1.5 to 2.0
' . - X : * 2

Prehreatin flames. The cut will aBbngtgggged at the bottom if tﬁe flames are ’ o

4
r.,}_'-'
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Cutting speed. A too slow cutting speed will leave irregular drag lines
~ [marks Iegf on a cut edge). If cutting speed is too fast,. the drag,tines will
be rough and form sweeping. curves. ~ _ ~
- 4
A good cut shows smooth, vertical, uniform marks which are continugus ?bom top to
bottom. If you have to,lfart a cut from a portion of the metal other than the
.edge, preheat the spot tp a bright red, tilt the torch at an angle of 450 from
. the perpendicular and slowly open the high-pressure valve and as the torch starts -
, & to cut, start righting it back to a perpendicular position until it is in a 990 v
position. Move 1t forwatd and -continue to make your cut. This eliminates the :
possibilities of blowing the,s]ag back on your, cutting tip and clogging the doles.

2

<

L 4
- N . N
(a) Cutting bevels (fig-&5)1). -You will frequently have to cut pevels to form *
- olnts For welding. To make a bevel cut of 450 in 1-inch 5t8el, the flame ’
. must actually cut through 1.4 in of metal. Consider thié when you are ' '

, ‘ selecting the tip and adjusting the valves. You will have to use more -
s . pressure and less speed for a bevel cut than you would with a straight cut.
. Adjust the tip so that the preheating orifices .are lined up for efficient
S preheating. A piece of 1-inch angle iron, clamped with the angje up, makes an
o " excellent guide for beveling straight edges. Pull the torch along this guide ,
. as .shown in figure 3-11. *

v -, . ' - L . ‘ ,%
- = ’ =
§ ] .

7 - .

* : - Fig 3-11. C(Cutting bevels. » %

o

(b) Pipe cutting (fig 3-12).  When you are going to cut a section of pipe, keep
i ' e torch pointed toward the centerline of the pipe. Start the cut at the top .
+» Coe and cut down one side. Then begin at the top and cut down’the other side,
- finishing at the bottom as.shown in figure 3-12. Pipe cutting with a torch
B 3 requires a steady hand to get a good bevel, one that is smooth and true.
e Don't try to cut and bevel a heavy section of, pipe in one tcip. Cut the tip
o o off square and then bevel it. This makes a cleaner and neater job. Check the
Cos ) . alinenent of your torch tip preheating orifﬂﬁes before you start your -
it o

% cutting. Arrange these orifices in 1ine with your cut.
o
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Fig 3-12. Cutting pipe"with quadetylenq, : ’,h

(c) piercing holes (fig 3-13). Your cutting torch is also a valuable tool for
pfercing holes in steel plate.’ Support the plates on firebricks or other
means so that the flame Will not hit anything else when-it burns”thrgggh.~

of ina$
to™

Hold the torch over the hole location with the tips of the inner con

preheating flauies about 1/4 in above the surface of the plate. Continue

hold the torch unti)} a small round spot has been heated to a cherryired. Open .

the high-pressure oxygen valve gradually and at the same {ime slightly raise (
' the nozzle away from the work to keep from blowing slag back into the cutting -

Y tip. As you start raising your torch and opening the oxygen valve, start

rotating the torch with a spiral motion. This will cause the molten slag to

be blown out of the hole. The hot slag may fly around so avoid putting your

head dirkctly over the cut. If you desire larger holes, outline the area in

e : chalk and, using the above procedure, follow the chalk lines that have been
‘ / grawn on the plate. o "
K
Pr
M
4 -
! [
e |
"N
n
&
. PREHEAT URTIL "RAISE TlP,_rR(kiEAs\! CONTINUE To C a
» LTING BEGINS OXYGEN, OSCILLATE : OSCILLATE TiPp - ' ’
e ; . LOWER TIP -
. ENLARGE HOLE
. TO SIZE

// Fig 3~13.. Piercing holes with cutting torch.
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(d) Rivet cutting. When you havg a job\of removing rivets, you will find that the
cutting torch is another fast, expedient tool. Just use the preheating flames <
to bring the head-of the rivet up to the proper temperature, then turn on the -

o _ o~ oxygeh and wash the rivet head off. The remaining portion can then be punched
g out ‘with a light hammer blow. .The'step-by-step procedure of removing rivets
R “follows: S g - - =
- Y ~ Use fhe tip size'anq pféésﬁres that”you would us§ foi,]-inch steel. .
» | " {eat a spot on the rivet head until it is bright ved? . -
Move the tip to a ositioﬁ parallel.with the sd}face of the'plate and ‘turn .
on the oxygen slowly. - . S NS
A L] "‘L‘d:, - T ." ‘. 4 !
./ ‘ _Cut a 'slot in the rivet head 1iKe the' screwdriver slot in 3 screw. . ‘ N

e ) T .
ilhen the cut nears-the plate, draw the tip back at least 1 1/2 imches. . |
This is important. _ STt e o -
When the slot 1s cut throu;a\gf the plate, swing the tip through a small ® . .
arc. This slices off half thé rivet, . e e
~ . . PR
N sfy ; ‘Then swing the tip in an arc in the other direction? this s)ices off the - - .
- © qther half of the head. | / - T Ll R .l;
N - . . . & . A . ] I .
’ After the slot fs cut, you won't have to worry abo&% preheating the rest of 7. S
A Ve the rivé¥ head to cutting temperature. Just before you get through the slot i
7 , to the surface of the plate, draw your torch tip back 1 1/2 inches to allow . S
the cutting oxygen to scatter slightly. This keeps.the torch from.hteak1ng
through the layer of scale that is always presenysipetween the rivet and the ..
plate. It allows the rivet to be removed without damaging. the surface of the
plate. If you don't draw the tip away, you may cut”through this scale and cut
into the plate. : - N

3 - : _ : . ‘ : . . |
F I R

PREHEAT ING o

FLAMES- CUTTING OXYGEN
o . /ﬂ—‘\\\\\'
. ‘_
4 5
, . 7 ——————— :
\ P
2 ’
»
A -
T ‘ CUT SLOT IN HEAL
AS TIP IS DRAWN
\/// 1 1/2 INCHES
) AWAY
W -
£ 3

REMATNDER OF HEAD
HALF OF HEAD SLICED OFF REMOVED

-

Fig 3-14. Removing rivet., _ o
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(3) Cutting ferrous metals.. Low-carbop steels (less’ than 0,35% ‘carbon) are easily cut .
( by the oxyacetylene procedure, They oxidize readily at the flame-cutting ‘ '
¢ tamperature and the oxide or slag formed during the cutting procedure melts at a
" temperature wel) below that of the metal itself. |\hen ‘the composition of the
: metal 1s such that ‘the me1ting point of the oxide™is as high or higher than that
* ' . of the metal, the ease with which the metal can be cut decreases. The cut-ability -
' of a ferrous metal decreases. when the carbon prasent exceeds 0.35% or when - .
allawing elements such as chromium, nickel, manganese, tungsten, vanadium, and
molybdenum are included in the alloy.  When metals of this type are to.be cut, the ,
standard procedure must bg varied. As the cut-ability of a ferrous alloy
deCreases, it 1s necessary fo use one or more of these techniques: additional .
preheat, a di fferent flame adjustment, an oscillating torch manipulation or-a .
special flux. For most fYame-cutting operations, the oxyacetylene preheat flames .
are adjusted to a neutral ‘flame adjustment. However, when cast iroh is cut, a . s
) highly carburizing flame adjustment is necessary. The excess .feather should be . :
£ - . equal in length to-the thickness of the cast iron. The excess acetylene helps to !
. .preheat the cast iron by igniting when it combines with the.cutting oxygen in the °
kerf. -Torch manipulation {s an important part of the ‘flame-cutting operation. R %
. For most applications, the torch is moved along the Tfne of cut with a steady ' .
L . forward movement as. showt in figure 3-15A. HWith metals 1ike cast iron or
stainless steel, the torch must be oscillated to work the oxide out of the kerf.
* In figure 3-15B the torch mdvement.shown 1s recommended for 1ight cast sections.
. The one at C is used for heavy cast-iron sections and the one at D is a forward
. _and backward movement to flame-cut stainless Steel. Frequently it is necessary to
el ther »preheatyor postheat flame-cut metal. For higher than 0.35% carbon and
alloy steel, you will have to take precautions to prevent the formation of a hard ' 2
layer at the edges of the plates. This'is more 1ikely to e true vhen you are . .
S-m— 54 -gutting so-called-ajp-hardening s teels, since-a thin layer of metal at the cut
: edge 1s heated to a'high temperature and rapidly ’quenched by the adjacent plate o
. and the surrounding air. “This hardens the edges of the metals, .making them less oLt
 ductile and more difficult to machine. Their Tower ductility may evemr cause 2
.cracking under Toad., To avoid forming this hard layer around the edges, you
should preheat the edges ahead of the cut. Preheating temperatures of from 5000 / . i
, to 6000F are sufficient to lower the rate of quench and should be used vhen -3
! cutting high~carbon and high-alloy steels. Cast fron is more di fficult to cut i ) E
- - than steel because it melts at a‘lower temperature than do 1ts oxides. When cast .
fron-melts, 1ts oxides mix with it. This means that cast iron must bé preheated -
to a mich higher temperature than steel, and it also means that you will have to .
use an oxygen pressure of from 25% to 100% greater than you would for stéel of the
sance thickness. . : . .
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Lo . i Fig 3-15. Torch manipulation.
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Start the cut with your torch tip forming an angle of 750 and 800 with the . -
surface of the casting. As your cut progresses, gradually right the torch tip to L4
an angle of 400 to avoid losing the cut. Move the torch forward Just fast
enough to sweep the edge of the cut. . If you advance too deeply, progress of the
A cut will cease and black spots will develop under the cuttin? jet. From the ;
- beginning of the cut wtil it is finished, hold your torch tip 1 1/2 to 2 inches -
form the surface of the cast iron. Move the<tip 1/2 to 3/4 inch in a semicircular
- - weaving motion, as neﬁuired. to clear the cut in heavy sections. Lighter sections
von't require sich wide movement to keep clear. The procedure for cutting cast'’
. iron can be further simg]ifi-ed by_.adding a mild steel rod to the kerf as cutting
BN progresses. Assuming the ti size and the oxygen and acetylene working pressures
for the thickness of material to be flame-cut have been properly selected from the
manufacturer's charts, the following information will help you to detérmine ,
vhether the flame-cutting operation was properly ‘performed. To produce a good cut
- with a square upper edge, the cutting torch must be held so that the inner cones
of the preheat flames are about 1/16 inch from, and at right angles to, the.
. surface of the metal. If the_distance between the end of the preheat cones and
. : the metal surface is greater };_ha_t 1/16 inch, the metal will not be sufficiently
./ preheated and the cut will be lost. If the preheat flames are too close,
1ts and the upper edges will be rounded or fused together.
The distance Bétween. fthe preheat flames and the surface of the metal determines,
to a large extent, the appearance of cut. Another influencing factor is the speed -
of travel along the 1ine of cut. If the cutting speed is :too slow, drag lines or.
. ridges of the cut will he straight up and down and the ‘top edge may be rowunded.
1% the speed of travel is too fast, there will be .;oo‘mcﬁ drag and the cut may be. )
“ost. -Good cuts result when the pesition of the prefeat flames and the speed of . /

excessive preheat res

*  travel is such that oxidation takes place clear through the metal. Look down at
the kerf while the cut progresses “and ohserve- the-drag-lines -or_the amount by .
which the_cut curves backwards. Vary your %pee'd accordingly. An important and
often dverlooked factor in flame cutting is<the alinement of the. torch tip
preheating holes. When 900 cuts are made, these holes are alined as shown in’
figure 3-16. This {llustration also compares good and bad cutting techniques.
Check yours, and compare your-result with the good cuts in the.illustration.
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' ’ S PRO ) _ !
. . PSR D!
SR ORAG s 0 CORRECT PREMEAT - .
CORRECT PRESSURE ; SHARP TP EDGES : : .
AND CUTTING SPEED — N , i o
A}
¥ . . o
L] N : ' '
‘ ° R , - ' .
- * . . - ' ' . .
. : . 2
. - — ' .
: X . * . : | ' . .
. 13 |
. . . 1 . F | ) _ \ .
r —ﬁ‘ }‘— . . “ \
) IMPROPEN DRAG :

. INSUFFICIENT PREHEAT .
INSUFFICIENT DRAG - - LOSS OF T - - - . - e
TOO MUCH PRESSIRE _ : : - Y

OR INSUFFICIENT

SPEED . )
- . - ’ ] . N . ‘
’ " LSS OF cul _ - - . )
| )\\ ’ 1A )
. ~ TOO MUCH DRAG . EXCESSIVE PREHEAT
INSUFFICIENT ~ : ROUNDED T(P EDGES )
ORESSURE OR o : .
EXCESSIVE SPRED. . ' -
Fig 3-16. Signs of correct and Tncorrect cutting procedures. B
_ « N o o ¢
b. . Gas-welding safe ractices. Whether you are welding, torch brazing, flame cutting, . :
or heating with oxyace{?‘ene equipment, certain precautions must be observed to- protect oo "

personnel and equipment.

(1) of1 angf#yease. Avoid the use of\any lubricants in any, form (ofl oa/ﬁ?ease) on
- oxyacetylene equipment. 011 or grease in the presence of oxygen under pressure
will ignite violently. Consequently, you must not let ofl or grease come into . -
contact with oxygen in any way while you handle cylinders, valves, regulators, X {
o _hoses, or any other apparatus which\uses oxygen under pressure. Do not.permit a -
P © Jet of -oxygen to sirike an oily surface or clothin?._ 011 or grease in contact
=+ with hose will deteriorate the rubber and ]ead to leaks. ’

<l

. (2) Lighting torches. Use friction 1ighters, stationary pilot flames, or some other
> ‘sources of sultable ignition. Avoid the use of matches, cigarette lighters, etc.,
as a ‘serious hand burn may result. Do\not 1ight a torch on hot wmetal, especially . ¢
fn a'clpsed confined space. When 1ligh ing the torch, open the acetylene valve
first, and.ignite the gas with the oxygen valve closed. Do not alloy. unburned -
acetylene to escape into a small.or ¢loded working area. a ' '

_ (3) Cylinders. Never use acetylene from tyl nders without first reducing the pressure o
. f‘rouiﬁ a suitable pressure-reducing regulator. Acetylene working pressures in ‘ <

excess of 15 psi must be avoided. Oxygen\cylinder pressure must be 1ikewise
reduced to a suitable working pressure. High pressure may burst the hose.

*
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" (4) Work space. Do not weld or cut material without first making certain that hot
sparks or hot metal will not fall on the'legs or feet of.the operator, on the
hoses, cylinders, or any flammable material lying around. When starting to work,
always have a fire extinguisher within easy reach. _

o . ' o
(5) Flashback and backfire. Unless the system is thoroughly purged of air and its
connections are tight before the torch is ignited, the flame is 1ikely to burn

inside the torch instead of outside the tip. The difference between the two terms

backfire and flashback is this: In a backfire, there is a momentary burning back
of the flame into the torch tip; ip a flashback, the flam¢ burns in or beyond the
mixing chamber of the torch. A backfire is characterized by a loud snapger pop- as
the flame goes out. .A flashback on the other hand is usually accompanied by a

; hissing or squealing sound and, at.the same time, the flame at.§2e tip becomes
smoky and sharp-ppinted. When a flashback occurs, igmedjately shut off the
acetylene valve. The occurence of the flashback indicates that something is
radically wrong with the system. A backfire is lessi:serious, and usually, the

v i flame can be relighted without diffi€ulty. M f backfiring continues whenever the

torch is relighted, check for }hese,cau;es: “ overheated tip, gas working pressure
greater than that recommended, 1oose t[g; or dirt on the torch-tip seat. .These
difficulties may be the cause of a flashback, except that they may be present to a

greater degree. For example, the torch hiead may be cracked or distorted. "In most -

cases, these malfunctions result from carelessness. They can be avoided by making
certain that all connections in the system are tight and clean, torch valves are
closed (not open or merely loosely closed) when the equipment is stowed, oxygen or
acetylene working pressures used are those recommended for:- the torch employed,
\ and the system is purged of air before Ose. Purging the system of air is
especially necessary when new hoses’ and torch are used or when a new hottle of gas
__has been connected to the system. ° . i -

Y

. S . A
(6) General precautions, Do not allow unauthorized presonnel t6 use oxyacetylene
welding or cutting equipment. Do not conduct welding operations.in buildings or
- structures that have wooden decks unless they are protected by sand, asbestos -
paper, or other fireproof material. Do not experiment with torches or regulators
-in any way. Do not use oxygen regulators with acetylene cylinders. Always use
the proper tip or nozzle and always operate it at the proper pressure. Make
certain that the torch is not burning when not in use and nevér hang the torch
with its hoses on the regulators or cylinder valves. Keep a clear space between
the cylinders and the work so that the valves can.be reached in an emergency. Use
cylinders in the order that they were received, and mark empty cylinders as such.
Do not paint cylinders any color other than the original. Do not store oxygen
cylinders with acetylene cylinders, and always store them in an upright position.
- Never test a cylinder for leaks with an open flame; use a solution of soapy
’ water. Always protect the hose from hot slag and cuttings and from being tramped -
on or from being run over by vehicles. Never force hose connections that do not
fit. Do not use white lead, oil, grease, or aother pipe-fitting compounds for
connections on hoses, torch, or other fittings. Never crimp a hose to shut off
the gas flow. Do not ‘tape hoses together. Periodically, examine all hoses for
leaks by immersing them in water while under pressure.

L
-

EXERCISE:  Answer. the following questions and check your response§ against those listed at
- the end of this study unit. ‘ : '

the elements in the dase metal is ca

Y -

. . N ' . Y .
1. The process of severing ferrous metatmeaps of the chemical action of oxygen on
] .

a. carbon-arc cutting. é?’.#;tal-arc cutting; ' _ %;
b. flame treating and cutting. d. quacetylene Cutting. ' _ %g_ 3
2. The jet coming from the Cenxgr orif{gﬁ‘of‘a cutting torch tip is |
. a. acetylene. : Cs hyd}ogen. : -
. b. oxygen. ' d. carbon dioxide.
- , O ‘ —_—
3. The Streams coming from the smaller orifices surrounding the center tip orifice
are for _
a. preheating. ' ) c. cutting. )

_— ' b. post heating. . , d., oxidizing. 6 ) , N

o
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4. For torch-cutting a p1ate 7/8 1nches thick the reconmended tip size number would «

o be | : ‘ 1

a- 00 1 4 -, _c' zl * o .

C. ‘- ‘q" . . dd '3- ‘ »
5. For cutting metals using the oxyacetylene process, the amount of acetylene

pressure used in relation to the oxygen pressure fs ‘

y a. much lower. .. ‘c. the same .

b. mch‘hiwer ' d. alternately higher, than lower. i

6. T;\e prehqating flames of a cuttinq torch are adjusted to obtain a (an)

. flame.
. a. reducing - | c. normlizing ’

b. ,oxidizing - d. . neutral _—

7. In starting a straight cut in the center of a me tal sh!t,' yc;u would tilt the

. torch at a 450 angle from the perpendicular in 1ine with the cut in order to {/

a. provide proper starting bevel.
b. eliminate slag blow back.

c. .preheat properly.

d. eliminate spark shower.

8. A suitable torch guide for cutting beveled edges is a
1-inch angle {ron with the angle up.

. a,r -
- b. protractor bevel with extension

c. chalk line.

d. “special tip with stee1 guides. .
9. [h?v bes! way to cu-t a beve1 i a piece of heavy pipe is to . .o I

make a continuous cut arowd the pipe.

hold the .tip at a 450 angle to the center of the pipe.
oscillate the cutting tip.

cut the tip off square, then-bevel it. . '

anoToe
. . t L]

—

o Y > -
10. The purpose of rotating the torch when pier_’c’iﬁ; a hole is. to e
blow molten slag out of the hole. ' . N
ensure a round hols : '
distribute the cutting heat evenly.
ensure proper preheating.

Qo Toe
e o o & .

11. An expedient tool for removing rivets is

a. a cold chisel. T C. a-fﬂe.‘

b. a cutting torch, - d. a grinder. ol

12. To avoid forming a hard layer a1ong the edges when torch- cutting high-carbon and
alloy steels, you should )

a. %reheat the edges ahead of the cut. " . ""_
_ b. postheat the edges: after the cut, -
- c. use a ofl bath for quenching. _ . b
- d machihe the edges with a grinder. \ y _ *
-13. Cast iron: 1s more dffficu]t to cgt than steerecause ) ) ' \

3. steel must be preheated to a higher temperature thancast 1ron

- b. .1t requires a. much smaller oxygen pressure than steel.

T ‘ c. Jt melts at a Tower temperature than does its oxides.
d. it is more brittle than ¥teel.




.14, A good cutting speed with the cutting torch will produce’
. _irregular drag 11nes. ) ”
. very little s‘mrk shower .

uniform drag 1ines forming sweeping curves.
drag Yines that are straight up and down.

an T

15. Acetylene working pressure in excess of pst must be avoided.
- g .

. a. 15 : ¢, 25
b. 20 . : ~d. 30 .
16. The best ~mny .o check for cylinder leaks in oxacetylene welding equipment is by
using ) ' - _
a. a.mtch. ; c. test paste.
b. soapy water. d. compressed afr. -

,Mork Unit 3-5.. WELDING EQUIPMENT TROUBLESHOOTING

IDENTIFY TWO MAJOR MALFUNCTIONS IN OXYACFTYLENE EQUIPMENT AND HOW “TO TROUBLESHOOT
THE MALFUNCTIONS

IDENTIFY THE TR?)%LESHOOTING PROCEDURES FOR THE.LM-GZ METALL IC-ARC WELDER.:
IDENTIFY THE TROUBLESHOOTING PR.OCEDURES FOR THE DYNAMOTOR WELDER. .
Oxyacetylene equipment troubleshooting. ' |

a. Regulator malfunctions and corrections. Leakage of gas hetween the regulator seat and
the nozzTe T8 the principal TroubTe encountered with regulators. It is indicated by a gradual
increase in pressure on the workirg pressure gage when the adjusting screw "is fully released
or is in position after adjustment. This defect, called “creeping regulator" in the welding
* trade, is caused by cracked or worn valve seats or by foreign matter lodged between the seat
. and the nozzle. Regulators with such leaks should be repaired immedfately to avoid damage to

.other parts of the regulator or injury to .personnel. This leakage is fcularly dangerous
in acetylene regulators because acetylene at high pressure.in the hose is a definite explosive
hazard. TJp correct this mal function, remove and replace the seat 1f i1t is'worn, cracked, or
otherwise damaged. - If the.malfunction is due to fouling by dirt or other forefgn material,
clean the seat and nozzle thoroughly and blow out any dust or dirt in th@@)a‘lve chamber.
Broken or buckled gage tubes and distorted or buckled diaphragms are_usually caused by.
backfire at the torch, by leaks across the regulator seats, by failube to release the
regulator adjusting screw fully before opening the regulator seats, or by failure to release
the regulator adjusting screw fully before opening the cyYinder valves. Defective Bourdon
tubes (flattened, semicircular tube, connected to the dial indicator) in the gages are
indicated by improper action of the gages or by escaping gases from the gage cages. Gages
with defective Bourdon tubes should be removed and replaced since satisfactory repairs cannot
be made without special equipment. ‘Buckled or distorted diaphragms cannot bé adjusted -
properly and should be replaced with new ones. Rubber dfaphragms can be easily replaced by
removing the spring-case with a vise or wrénch. Metal diaphragns are sometimes soldered to _
the valve case and their replacement is a specfal repair.shop joh. It should not be attempted
by anyone not familiar with the:-work.. - , s '

b. Torch malfunctions and corrections. Improper functioning of th_é welding torches 1is
usually due” to on® or more of the following causes: Leaking valves, leaks in the mixing head
sqat, scored or out of round-welding-tip orifices,.clogged tubes or tPs, or damaged inlet
cannection threads.  These defects are the cause of gas leaks and, unless correcte
immedfately, may cause flashbacks or hackfires with resultant injury to the operator, and
damage to the velding equipment. Valve lgakage is usually due to bent or worn stems, damaged
seats, or a combination of both., Loose packing will also cause leaks around the valve
handle. Such leaks are indicated when the gases continue to flgw after the valves are 7™
closed, Bent or worn valve stems should be replaced and damaged seats should be refaced. :
Loose packing may be corrected by tightening the packing nut or replacing the packing, making,

certain that the packing nut is tight. Leaks in the mixing head are ind{cated by the popping -

out of the flame and by the emission of sparks from the tip, accompanied by a squealing:

noise. Leaks in the mixing head will cause improper mixing of the oxygen and acetylene which,
in turn, will cause flashbacks {fgnition of the gases back of the.mixing hedd in-the-tubes). .
A flashback causes the torch handle to suddenly become very hot. This defect can be corrected
by reamfng out and turning 1xing hedd. Special reamers are needed for this operation,
and it should not be attempted By anyone not having the proper equipment to do the job. '
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. Scored or out-of-round tips will cause the flame to be irregular even after the tip has been

cleaned. They cannot be repaired and mist be replaced. Clogged tubes and tips are usually

due to carbon deposits caused by flashbacks or backfire or to the presence of foreign matter

that has entered through the hoses. Great working pressures will be requiredcto produce the "

flame required for some tips, and the flame will be distorted. To correct this condition, the

torch should be dismantled and each component (tip, mixing head, and hose) should be cleaned

out and blown out’with oxygen at pressures of 20 to 30 psi. The tip and mixind head should be
. cleaped, first with soft copper or brass wire or with cleaning drills of the proper size, and

‘then blown out with oxygen. .The cleanin? drills should be approximately one drill size

smaller than the tip.orifice to avoid enlarging the holes. Leaks due to damaged inlet _
connection threads.can be detected by .closing the needle valves and the cylinder valves. Such N
leaks will cause the reguldtor pressure to drop. Also, {f the threads are damaged, the hose

connections at the torch inlet will be diffjcult or impossible to tighten.

Unless corrected, .

this condition may cause fires by ignition of the leaking gases which could result in serious

injury “to the operator or damage to the equipment.

To correct this,

the threads should be

recut with a thread chaser and the connections’ thoroughly (leaned. - ~

Troubleshooting the Model LM-62 Metallic-Arc Nelder\ ' ’

Table 3-1 below provides information that 1s useful in diagnosing-and correcting the'.

failures of the welder.

Table 3-1.

~

1 - .

.

Troubleshooting Procedures for the LM-62 Metd11ic-Arc Welder.

Symptom

ProbabTe cause

.
2 \
.

PossibTe remedy ‘ Jf

C. uél?ﬁ

a. Welding generator
fails to generate
sufficient vol tage

Generator speed too low:xl
Brushes scored or worn.
Commutator ‘scored. = .
Armature circuits open, =«

Increase speed.

Replace brushes.

Repair commutator.

Gheck, repair, or replace
~arnature.

¥ Wiring short-circuited. Check, repair; or replace. '
Commutator dirty. . Clean commutator. . »nr
/ Brushes sticking in holders. Adjust spring pressure. '
' _Panel cable connections defective. _ Inspect and repair.
Load excessive. . --Reduce Toad. ‘ -
- High nica on gormutator. Undercut mica.
Rheostat defective. . Replace rheostat.
b. Current fails or Welding cable defective.- Replace cable.
becomes low Electrode holder defe tive Replace holder or repair.
: ' Panet wiring def Inspect and repair .
: Ground connectiond poor. Tighten ground conpections.. . . .
. « Cable connections loose. Tlahten cable connections. '

generator
vol tage too high

. d. Voltgge becagmes

erratjc

Speed too fast,
Rheostat defective. ,«

Generator speed erﬁztic.

Commutator dirty.
Brushes scored or worn.

, Coomutator scored.

Insufficient brush sprlng pres-
sure.
Brushes sticking in holders.

Reduce speed.

. Replace rheostat.

‘Inspect angd adjust engine

for steady speed.
Clean commutator. . o
Replace brushes. :
Repair commutator..
Adjusting spring pressure.

Inspect and repair,

High mica on commutator. Undercut mica. ' N (ﬁ
’ Rheostat defective. Replace rheostat. - ra
:. L - .
e. Welding arc becomes ~ Current setting too high Reduce current setting. : : ot
noisy and spatters ‘Polarity wrong. ' Check polarity, try the - N
o N - reversé polarity, or try r
" N an electrode of an opposite ¢
N - polarity. Ko
Y b N - %
¢
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Table 3-1. Troubleshooting Procedures for the LM-62 Metallic-Arc Welder (continued).

-«

Symptom T " "ProbabTe cause T B “PossThle remedy g

A -
f. Welding arc becomes Current too low. Adjust current. -
sluggish ° " Connections” poor. . Check and tighten all loose L
! g . connections; check for
) corroded or split con-
. : , nections. :
Cables too Jong. N Check cable drop. Use shorter
. cables,
- :E ; ‘ 4
9. Touching welder gives Welder not properly grounded. Ground welder properly.
shock Helder covered with water or Wipe off and dry thoroughly.
- moisture. . _ C _
- A
M. Electrode holder Electrode Wolder spring weak or - Replace spring. . :
' becomes hot . soft.. _ '
' Electrode grooves dirty. -+ Clean and file grooves.
Cable comections corroded. .+ Clean and make new, tight
) ~=svennections. J
g

Troubleéhoc'oting the Dynamotor-Welder (Also a Metallic-Arc Vel der)

Table 3-2 provides information ﬁat fs useful in diagnosing and correcting the fai‘lures :
of the welder. \W T -

- Table 3-2. Troubleshooting Protedures for the Dynamo tor-He der , - o /
< Symptom . ~ Probable cause ‘ - Possible remedy
a. Welder noisy Mounting hardware loose. nghten or replace hardware,
. Shock absorber loose or defective. Tighten or replace shock
. ‘ ’ absorber.
P b. Welder overheats Ventilator air f1l ters c‘logged or Clean ventilating filters. =~
. T dirty,
Y ) .
c. Welder will not start Clutch nat engagin Adjust clutch.
when shop set Drive belts defective or worn out. ° Adjust or replace drive belts,
engine 1s used . , v .
d. Welder will not start Dynamotor switch not properly Properly actuate switch.
. when external power . actuated.’ . . t
is used , Dynamotor switch defective. Replace dynamotor switch.
: * Power selector switch in wrong " Set power switch to position
direction, marked CITY on panel. -
. Power selector switch defective, . Replace pover selector switch.
e. HWelder starts but External: power Tines incorrectly Interchange any two 1ncoming
- rotates in wrong . -connected. . Jeads. w
direction ! - ' o
f. Welder wﬂ‘l not. de- 'oynaa'zar ‘switch - defective. Replace switch.
' ., liver ac vhen shop ° Dc t ectrical leads _open Repair or replace ammeter
AN set & used or shorted, . electrical leads.
"\\ ' Dc ammeter defective. Replace dc ammeter.
: \ g . . Dc anmeter shunt defective - Replace dc_ammeter shunt.
. ‘ . . ,
»
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EXERCISE:  Answer the following que%tions ‘and check your responses against thaose 1isted at-
. the end of this study uwnit. " 5

. 1. To prevent buckling and distorting of tge diaphrams 1in tﬁe'regu]ator, you would

release the adjis ting screw fully before opening the cylinder valves.
. . shut off the cylinders first. ’ '
always blow out the gas hoses, . :

stabilize the acetylene flame bé¥ore opening the oxygen valve.

Qo oo

2. 'A gradual increpse in pressuré on the werking pressure gauge after the adjusting _
: screw 1s fully geleased is an indicatjon of a . //v

a. ‘broken gaugf. tube. c. worn valve sea- - _
b. leaking torCH valve. - 'd. scored welding tip orifice. - - ,
3. You suspect a leakagé of gas’ in your gas-welding regulator; specifically, between <
the regulator m& and the nozzle. Thia leakage is indicated by
o * i -

, > , ¢ .
a. a total lack of pressure on the working pressure gauge.
b. an iIncrease in pressure onsthe working pressure gauge. N
c. & decrease 1n pressure on the working pressire gauge. :
d.- the formation of bubbles around the nozzle. 0

LS

4. A cutting torch 'tip_sh_éuI;d be cleaned wi th“& : : 3
a. soap and wAter. - ) . 0 -
b. a steel brush. . v . ’
©, C. & soft copper/brass wire or cleaning drﬂl)s of the correct di'an'ter. \
” d. emery cloth or sand paper. - v _
. i . x e Ve
5. While using the LM-62 wei;der ou receive a shdck, the problem is
a. the com‘utornis dirty. '
b. the polarity is wrong. \ : oo
c. - the welder is not properly\grounded. - . .
d. the electrode " older spring is weak or soft. ' s .
6. When the dyna ‘ r-velder starty but rotates in the wrong direct'lo;u\, 'thg problem
1s the ' .

external powerlines are incovrectly connected.
drive belts are defective or Worn out.
dynamotor switch 1s defectivel . . -
dc ammeter defective : . T :

QN ow
. L] L .

Work Unit 3-6. INERT-GAS-ARC WELDING
IDENTIFY THE OPERATION, PROCEDURES AND TECHNIQUES OF INERT-GAS-ARC HELDINIG.ﬁj'

a. "Gas shie gIdTr'\g" 1s a term used to designate the fusion (me)ting together¥ .
welding process that uses an inert gas (helium or argon) to shield a tungsten electrode and
the mol ten -pool of metal from the atmosphere. The:shielding gas flows- from orifices located
in the torch head forming a protective hlanket over the weld area. This blanket protects the
arc and the molten pool of metal from the harmful effects of the #tmosphere. Because of this
complete protection from the atmosphere, gas-shielded welds are stronger, more ductjle, and
move corrosion-resistant than welds made by the ordinary metallic-arc process.. Gas-shielded
welding is ‘ideal for welding métals such as ‘aluminum, magnesium, stainless steel, monel »
brass, and copper. This is virtually the only process with which you can successfully weld

‘magnesium. With the Marine Corps emphasis on equipment that can be helilifted, it is

necessary that equipment be 1ight in weight. Consequently new breed of equipment being
acquired by the Corps has increased the use of thtwe\ight materials such as aluminum,
magnesium, and aluminum alloys. Consequently, the use' of inert-gas-ar welding 1s becoming
more prevalent throughout the Corps. ) ) -

\

(- : | .. . ,
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(1) Shielding gasés used. . Helium and argoﬁ‘ are inert gases that are used in 4 ~
gas-iﬁ‘ei ded weldin?. The term "iner} gas” Jindicates & chemically 1nact1vf gas;
unlike oxygen, it will not mix with any other element. Whether the weldertuses
helium or argon -depends on what results he wants. In some cases, helium 1s
preferable to argon because it produces more heat per ampere of welding current,
if other factors are equal. This characteristic becomes a disadvantage vhen
welding very l1ight gages of\petal (1/32 inch or less). Here arc stability becomes

: a very important factor. Hﬁ higher current settings, it is hetter to use argon .
‘. with its lower arc voltage. Both gases are plentiful and helium is much cheaper ) :
_than argon, but you will use three times more of it to do the same job, This 1s )
. because of tcf di fferent weights of the gases. As helium is séveral times lighter
than argon, will not settle down around the work as effectively as argon. '
Argon is a colorless, odorless, inert gas sopewhat heavier than air. The nor{
atmosphere contains 0.93% by volume or 1.29% by weight of this element. It 1 .
' ' also a nontoxic nonflammable gas. Argon comes in cylinders similar.in size and¥
' ape to oxygen cylinders, from 200 to 250 cu. ft. under pressure at 1800 to 2280
si. You can identify the cylinders by the distinctive color markings of gray
th a white band, When the cylinder drops to 25 psi, you can consider the 5
ylinder to be empty. ‘Useythe same care when handling or. storing argon gas as you
would whep handling any other ga\s. Y :

P

(2) Cleaning welding surfaces; Cleaning the surféce to be welded 1s of
¥ Tmportance regardiess of .the welding process. This cleaning should
' prior to welding. Oxides, grease, and oil film remaining on the ed
LS jofned cause unsound welds. Unsoundness reduces the mechanical and/electrical
‘effdciency of the weld. MjTdly alkaline solutions and commercial degreasers that
do not emit toxic fumes during welding are used successfully to re ve surface. »
contaminants before welding. One common method is for the welder to wipe the
Y edges to be.joined with a cloth dipped in solvent, such as alcohol or acetone.
A1l welding surfaces should be dried after cleaning to prevent porosity in the . .

n _ weld metal. Use the method that will produce the degree of cleanliness you ;
require. The method will, of course, depend on the type of contamination to be ‘
removed, the composition and design of the part.you wish to clean, and the quality
of the surface finish to be retained. Things to remember vhen you are trying to -
do a hetter job of cleaning are as follows:. o o v .

or
done just
s to be”

"Use mechanical cleaning where excessive amounts of easy-to-remove dirt are
present’in any form, provided you do not lessen the usefulness of the part.

' Mevef use solvents or chemical baths-unless you observe the required safety
and fire regulations. o

) I Use solvept cleaning to remove-ﬁ?ease and ofl contamir{ation that you cannot
- eliminate by mechanical cleaning alone. This implies that you can use a
combination of mechanical and solvent cleaning. oy

When using ofl-hase solvents such as kerosene, naphtha, and distillate
atkaline, cleaning 1§ usually necessary to remove the oily film left by the
{ solvent cleaning agent. ) . ’ '

- You can use the wire brush mpthod of cleaning to remove 1ight coats of paints
and primers, natural oxide films, and 11ght coats of corrosion.

~ . " b. Inert-gas-welding equipment. The Linde Welding Set, Model SWM-9, #sed by the Marine,
Corps, is desTgned Tor continuous duty, semfautomatic welding of aluminum, using a consumable
aluminum electrode shielded by inert argon gas. The welding set can be used for either short ~ Y
arc welding, with a constant potential pover supply, or conventional welding, with a ’
constant-current power supply.. The welding set consists of a control assembly, welding torch,
argon gas regulator, and the necessary hoses and cables. . v _

- .
A

(1) Torch (fig 3-17). The torch is an air-cooled hand welding torch rated for a
maxTmum current capacity of 200 amperes dc continuous duty. The torch will
provide the full range of wire -feed speeds required to handle all welding
applications using 3/64"-diameter aluminum wire. The same torch will weld metal
from 0:093 in., to 0.125 in. thick using 0.030 in. aluminum wire at current levels
up ”roximtel‘y 125 amp!res. The torch 1s well halanced .and veighs ’

app tely 3 b, tess cables. It 1s of rugged all-metal construction and is

ade y insulated to afford the operator gomp]ete’ protection from the wire and

_ from er parts that are electrically hot. Simple in ‘design and operation, the

% ' torch i€ used with a direct current conventional constant-current type of welding
power supply. ° L .
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,Fig 3-17." Inert-gas-shielde\ model SUM-© torchd .

(Currently in use \n the Marine Corps)

(2) Vol tage control (fig 3-18). The arc voltag® is controlled by a series-type
gratgdxﬁrom a 115-volt ac or dc power source. It actuates the

vol tage control op
welding current an

flow of argon by. turning these services on or off in proper

sequence for maximum utility and safety, and at minimum operating cost. The
control also allows the o§erator to inch thewire along without the welding power

supply being energized.
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(3) Argon gas regqulator and flowmeter (fig 3-19). This is a 2-stage, constant-flow
regulator equipped with an adjusting valve, a pressure regulator (indicates the
pressure -of the argon gas flowing into the reqilator), and a flowmeter (measures
the amount of argon flowing from the regulator through the hose to the torch).
The gas coming into the regulator is measured by the gage in pounds per square
inch (psi). The gas going to the hode 1s measured by the flowmeter in cubic feet
per hour {cfh). The flow of argon s regulated by an adjusting valve located on

’ - ‘the regulator. 4
PRESSURE GAGE
<
TUBE GUARD -
y A7
A} P
REGULATOR TUBE GAGE v .
. .8
— -
X
-3
“ s
. ) . R _ ot
Fig 3-19. Argon gas Tiowmeter and regulator. - o

_ \ ] _
(4) Adgustment and operation of SWM-9. - The sigmétte outlets are located at the bottom
eft o e TN-62 generator control panel: The welding selector switch, located &
in the center of the generator control panel, should be in the MIG position. The .™
welding' polarity switch should be in_the "reverse polarity, position. The argon o~
gas ‘switch (GS) on the control box controls the gas solenoid valve. When the o
mainline switch (MLS) 1s turned on, the GS is placed in the "auto” position. The ~,
- gas solenoid valve will be energized when the field interrupter melay is s
energized. To check the gas flow without energizing the contractor, place the GS * )
- in the manual position. Adjust the f1 ter on the shielding gas regulator tp o
-obtain the desired rate of gas flow. After making necessary adjustments, returp .
/ the GS to the "auto" position. Power for the wire feed switch is provided by the
' permanent magnet type shunt motor in the torch. During the welding cycle, the
welding wire feed rate is controlled by the welding vol tage rheostat (WVR) on the
_ vol tage control assembly. Turning the WVR clockwise increases the arc voltage;
turning it counterclockwise decrgases the arc voltage. If the propeyr setting is
“~ not known, use a lower setting at the start to prevent a burnback.. With the MLS
- tn the "on" position and the argon and power supplies adjusted, the operator may
@ . start to weld by pressing the torch trigger switch. This closes the field-
- interrupter relay which energizes the welding generator 2 also starts the flow
. of argon. Make sure that the end of the electrode wire ex ends approximately 1/2°
: in. beyond the end of the nozzle before starting to weld. - Xhe inching button can
 bhe used to inch the wire-into this position. Touch the end 4f the wire to the
vorkpiece. This establishes an arc at:ditarts the wire feed at the rate indicated

IS

g as/ the ‘trigger switch remains

depressed. Welding action will stop all/services will he discontinued 1f the L
' > trigger §witch is released. The control is pequipped with a protective circuit

which will prevent the :’pplicatidn of excessiive voltage to the wire feed motor if

the torch 1s withdrawn from the york to stop the weldifg action. However, the o
_torch 1s not the proper method of breaking the arc and should be avoided. :

2

onthe WVR. Weldinggwill continue as ‘

¢

.
&
- i

- 3-30

. ‘ . .

- A " - - - .
- . . : - . - ) . A
. . . - . R . oW

o LI sy e b e T : T

S S er et
e - . N A

e s e+ g tm e em |+ o e e,

4



Ll ]

C. Jungstern-inert-gas (TIG) we]dingﬁprocessj‘ The TIG process is widelysused for welding
relatively thin aTuminum sections.  In this process, under normal conditions, an arc is
established between a nonconsumable tungsten electrode and the aluminum parts to be welded,
with a shield of inert gas enveloping the arc and the weld pool. The arc melts the aluminum
base Retal and bare filler rod of suitable alloy is manually added to the molten pool,
Welding can be done rapidly from all positjons. No flux is -required in TIG welding because "
the action of the arc breaks up the oxide film and allows Yood metal flow. SinceMme heat of . ™~
the tungsten arc is concentrated in a small area, it is much faster than gas welding. Also,
distortion of the ba%e metals 1s less than with gas welding,

(1) Power source.” Both ac and dc are used in inert-gas'welding., However, ac is used
Tn weTding aluminum and magnesium, since the cleaning action of the arc 1s more
pronounced. Straidht polarity has pBer characteristics and the arc is difficult ¢

19 handle. Welds made with dc are generally smoother in appearance than those
- made with ac, Welding transformers with built-in high-frequency current
s stabilizers to control the arc are available, but special attention should be -
given to their installation as a,@lgh-fdequency cirguit will cause radio and TV
. interference.

(2) Welding equipment and supplies. In addition to the power source, the following
equipment 7s needed: ' ‘ "

‘TIG welding torch
Inert-gas supply, regulator-flowmetér, hose, and fiftfngs
Filler metal.

(/"’ Water supply and fittings *

Helmet or eyesMelds and protective clothing o ‘
- For currents -above 100 amperes, cooling the torch and power cable is necessary
- because of heat generated By the arc and the current passing ‘through the cable.
. For-welding currents below 100 amperes, air-cooled torches are satisfactory.” A
“ﬁg 6ect10na] view of a water-cooled torch is shown in figure 3-20. Water used to .
.cool the welding gun™hould be clean to prévent clogging or flow restriction, '
TN Overheating can melt the silver-brazed metal joints in gun and the plastic water
i tube which shields the electric cable. A control mechanism is available which
) "~ does n 1low the welding current to start gnless the water 1s flowing. Some TIG
. \:)' weld; quipment is provided with a solenoid valve which automatically shuts off
« / the water supply when the welding stops. This prevents excessive cooling and
moisture condensation insidd the torch. The TIG welding torch carries the welding
current and directs the inert gas to the weld area. The torch must be properly
insulated for maximum current ranges to insure operational safety. Current is
transmitted from transformer through the power -cable to the collet (metal ring)
holding the turdgsten electrode. Gas ports surrounding the electrode permit the
ingrt gas to enter the nozzle. The electrode should extend beyond the gsd of the
gas>cup a distance equal to its diameter for butt welding and slightly further for
' fillet welding. The gas cup or nozzle of the torch can be either ceramic or metal. \

¥ _(.ﬁ '

]

| Fig 3-20. Water-cooled, inert-arc-gas welding torch, | *

3 .
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(3) Neldingﬁtechniqpé. The operator controls the operation of the torch through-a
trigger or button mounted on the handle. Depressing the button or trigger
actuates solenoids, which in turn start the flow of shielding gases and cooling

LN water, and energizes the welding circyit. COntrol circuits are so arranged that

the gas and water flow for a short period before and after the welding-circuit is
. energized or shut off. This is a advantage, since it ‘insures that shielding gas
. " _As available to protect the weld zone when welding begins and for a short. period
after welding stops, The arc is struck by bringing the -tungsten electrode close
to the work surface. The electrode does not vhave to touch_the work surface as in
metal-arc welding, because the high freguency establishes the .arc. The arc is

_held at the starting point until the metal liquifies and a.weld pool is

esthbl{shed. Filler rod is then added manually (fig 3-21) from the front.as"

needed to form a weld bead. The torch 1% usually pointed in the direction of

travel with a 10° to 200 angle from the vertical position. The finished weld i

beads do not require cleaning since no flux was used in the process. The e
completed welds should have a smooth appearance. To avoid wasting the shielding

gas and to obtain a good weld, you should proceed as follows: :

Use a short arc. Reduce the amount of draff in the welding area. Use the
minimum gas flow necessary to obtain‘consistently clean, sound welds.

» Weld in the downhand.pgsition. Any change'in wor ,positionfng to make this
possible is adyisable #ince it will great]y“reduc_jwelder fatigue, increase
/ efficiency, and give faster welding. iy A = -

.h\‘

l " 'Fig 3-21. Applying filler rod. _ e,
' * ;\'.

_ . _ o PN . .

d.: Metal-ineru-gas (MIG) welding process.. MIG welding is another form of -the inert
shielded_gas method of welding Tn which a consumable electrode 1% used. The electrode is an
integral part of the welding apparatus. MIG welding uses direct current and a shield of argon
or helium gas. A small-diameter wire (electrode) serves as the filler metal and is _ . _
automatically fed into the gwp at high s$peed. The weld pool and the electrode are protected - .
from oxidation by the shield of inert gas. No flux is required. o .

(1) Power source. Either a direct-current weldfhg generator or rectifier can be used

Tor MIG welding aluminum. Constant power source compensates for changes in arc
t length, thus providing more uniform welding. Reverse polarity (electrode

positiwe) is used when aluminum is welded by this process. The MIG process
deposits filler metal at high rates (compared with TIG welding), makifig faster,
- more economical welds with less heat effects on the workpiece. = - :

(2) Weldin equipment and supplies. In addition to the dc power source, the following
equinngﬁf T

is needed:
Inert-gas supply, ;egulator flowmeter valvi, hose, and fittings., ‘ e
Filler'wire, wire spool, and drive. n - ' ) ' ‘ o
MIG welding unit.afn - . ) : -.. L

g Helmet or eyeéhield and protéctive_clothing.

-
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EXERCISE:

il . . //‘ 1

a
s .

4 ’ L.

There are_several di fferent designs of MIG vel d1ng unfts on the mar-ket the major-

. di fference being the location of the filler wire di-ive mechanism. OFf the two

major designs of welding gun, hne (model SWM-9) pulls. the wire by means, of drive
ro}ls from within the gun itself. The other pushes the wire from the drive rolls
through a Tong guide 1inér to the welding gun and the werkpiece. The gun
currently used in the Marine Corps is of the first type (fig 3-17). Both types

- have a control box unit which'dctyates the power, feed shielding gas >and coo'ling

‘0(3)_'

water when ﬁ!e 1gger omthe g is squeezed.

Filler il er wire of .types EC, 100, 4043, 5154, 4181 5356 and others are
ava{TabTe 0.030-,-0.064-, 1/32— 1/16- and 1/8 In. diameters. eSpeciﬂ
attention nust be vgiven to see that the wire is clean. Unsound welds result from

" using wire that has been ‘contaminated with'b6ils, grease, dirt, etc. Best welding

(4).

results from usihg wire which has just been removed from its, car-bon Wire should

be stored in-a warm u?ary area and kept covered. If welding fs stoed for any
length of time, remt?ﬁe the wire roll ‘and place it in the original torh t#
pr-event contamination

»

Welding technique. Filler wire alloy, current setting, and gas coferag
chosen to sult the alloy and thickness of the material being weldéd. MIG wel d1ng
equipment is designed 80 feed the wire and automdtically start .the gas flow as. ,

soon as the . arc is struck. Welding progresses by moving the gun alonq the line of.

weld joint at such a rate as to build up a head of the desired dimensions. :
Because of the shiel ding action of gas, no flux is needed. In flat-position™~-
welding, the gun is held pointed in the direction of travel at a 50 to 20Q

angle from the vertical position. lhen more than one pass is needed to complete
the weld, 1t shauld be cleaned by hrushing with a stainless wire brush. Postweld
cleaning other than wire brushing.is.not usually necessiry in MIG welding. Figure”
3-22 shows wel ding currents used with di fferent-size wires.

-

’ r

FiTTer wire dlameter WeTding ciirrent _ = 4

H};hes) o : (amper-es )

ﬁ Maxinnm welding current dependent on the power source.

0.040 - o D010 , o _
1716 S 168-300 . 4 - ]
3/32 T . 240"450 ’ v : a LT
1}‘8 a/ s:\ . . A . 400 and up l_)-/ : ) Loy -
B { -' . v )
‘% . : - ol - = : = i -
a/ Nor-maﬂy used for 1;utomat1c welding : .

-
LS

Y -

‘_!,-'1903—22.' Recomendéd,purrent welding for various dtameters of‘nMIG filler wire.a

1 - >
e L ‘”

—
vAnswer the followfng ques tions and check y‘bur r-e§ponses against those Hsted at

the end to this study unit. .

The material that was largely responsible for the deve1opmeq$t éf the Tnert-gas- |

"shielded welding method is

.k

a. aluminum. ' ' c. stainless‘ sheel ' . ' %
b. magnesium. _ : d. monel. . '
A1 the gases Tisted below are fnert EXCEPT - L
a. argon. o L. helium. d
b. oxygen. L d. Xxenon. '
A gray ;:yHnder with a wh‘it:e band 1s 1dentJf1ed to be
+ wading, o
a. argon. ' S Co oxygen. .
b. acetylene. ¢ *+ ™ d. nitrogen.
AN / .

. . ..
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7 4. .The advantage of inert-gas-arc welding 1s
a. no flux iIs required.? . : N
b, more heat is produced hy the arc.
- c. welds are.stronger and more corrosiqn resistant
é d. 1less spark shower. . . .
M &
5. The liquid recomended for c]eaning surfaces to be we]ded by the TIG or MIG »
-process s ' , _ “ !
a. gasoline. : c.* tricharethylene. )
b. carbon: tetrach]oride d. acetone. -

' 6. In an inert- gas arc welding setup, the special device that regulates the amount of
argon gas going from the gas cyHnder to the torch 1s

.2, oxygen regu]ator vaTve. ‘C. regulator -flow meter valve. . \
b. argon. valve. L . d. torch regulator va]xe ' «'
3 g .
. 7. when you weld with the SNM§ torch the electrode should extend - beyond ° ) S
LR the end .the nozz]e , o B ‘ Y
" a.’ 1/8 inch - ~ ¢ 1/2 inch ' )
: b. 1/4 inch _ S d. twice the diameter of the wﬂ:e - - P
; o . g : . > e '

. 8. When welding with the SWM-9 torch, and after all adjustments have been made, you /s
start the f!ow of %rgon by . -

w : : . .
’ - o R turning on the GS‘i' T c. depressing the 1nch1ngvbutton. -
, - < b. turm‘ng on the MLS.. ' d. pressing the torch trigger switch.
! e ‘9. The life eXpectancy of a g:gsten "electrode under norma] operating conditions is _
E . ’W*""i g Rours. c. 32 hours. ) / . .
/ b‘ 16(hours, - . ‘ d. indefinite. ‘ N
10. On somp TIG welding equipment, the device that automaticaﬂy‘ shuts osf'the water
A
. supply.when the wa]?hng stops is the ‘ ‘ |
V o ‘A, solenoid‘valv,e. . - ¢. finching ?witch. ' .ﬁ v o0 o
o '\ - b. voltage control. « d. flow meter adjusting valve. . { e
. 1. In TIG welding, ~ " {s used to cool the torch. . . \ L .
N ~ ?v [ B e . . . - i . . o
a. hCHum' c. argon A * . .
- s ‘b . water, o d. @carbon dioxide R = . ' o
| 12, A tungsten‘electrode 1/8 inch in diameter shquld extend 1n:h\be}o_nd the . -~ \
K 1gas cup~ of &}}G‘welder wien we1d1ng a butt joint. ) : R A ) B
r e “{‘: : :
. . Fr a
L e Ca } . 3/8 . G : ~
N T e L . 172 -
N ) oY 13. Hhen we]ding with the MIG process, the welding current setting of 165 -300 ampeyes o,
’ requires a filler wire with a diameter of ' inch. . TN
a. 1/32 L ‘ c. 3/32 . g N .
\ b. M16* Q .odoo /8 v SR %
- 4. MIG fﬂ]er wire, norma used for automatic welding, rejuires a we1d1ng‘curr‘en\: o
. ©. rrange of ' ‘ _ ’ ™ ' .
' ' : ' ’ « 4 ‘ .‘ - ¢ ‘ .y
- : a. ]20 - 210 amperes c. 240 - 450 amperes. ‘ o
N v -b. 165 -.300. > d. 400 amperes and up. S
3 ) ' : ".4 . ' ' : ’ . " . L% A ~
SUMIARY REVIEW . - N .. . o L I A
In this study unit you learned to identify oxyacgterne we1d1ng equipment. You. ’ o ~
learned the procedures of dxyacetylene brazing, welding, and cutting of metals. Finally you * o
. * Tearned Gas-Welding Safety Precautions HeIding Equipment TroubIeshooting, and Tnert-Gas- Arc - _
» Welding Procedures, % e . -
Lo, L \ 3-34 . - . . '“




Answers to Study Unit #3 Exerclses ) | . 31
- Work Unit 3-1. ~ | ' - \
1. a. 5. a 9. d ' B
2- bo’ 6. O. 10. a -
3, c. 7. b. N. ¢
4., c. 8. c.
Work Unit 3-2. .. . '
. 1. a. * r
2. a. \ - <\-'
. 3. b,
4, d.
5. b. ~ | '
: ’ Work Unit 3-3. : L
g‘ ‘or Unj 3 )
1. «c.
2. d. .
3. a, . e ' '
4. The rod 1s kept ahead of the tip in the direction of welding.,
5. The tip iIs kept uhe&d of me rod 1n the direction of welding,
) .»- Q . fu A - .
: Work Unit 3g4. - s \ N o o
~ 1. d. 7. b 13, c. L :
2. b, 8. a. - 14, c. :
R 9. d. . 15.. a.
) 4. ¢, 10. a. 16, b,
5. 4. a2 1. b.
~ 6. d. 12. a.
. .
Work Unit 3-5. .
C 1. a. - 4 ¢ , '
2. c. 5..¢C. : ¥ . |
. 3. b 6., a. o
Hork Unit 3-6. . _ r
; ' 1. b. 6. c. M. b, - .
2. b. 7. ¢ 12. a. .
— 3. .a. 8. d 13. bh. .
4, ‘c. 9. d 14, d.
) ‘ ‘5. d. . 10. a ]
{ég. ¥ - R : ’ ‘ .
, I ) %
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- " STUDY UNIT.4 '
METALNORKING MACHINES AND TOOLS 5

STUDY UNIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS.STUDY UNIT YOU WILL -
"IDENTIFY THE USE OF METALHORKING MACHINES AND. SPECIAL TOOLS UTILIZED WITHIN THE - :
HARINE CORPS. : . - . 8 {

“  Work Unit 4 1. METAL CUTTING EQUIPMENT

IDENTIFY THE THREE TYPES OF SHEARS AND RELATED EQUIPMENT USED TO CUT METAL. ] .

e .. GENERAL |
g7 When you start any job in sheet-metal work there are several things that you always %
/// have to’think about before you can actually do any work. Some of these are materials, layout

precedures, forming processes, and tools needed. Im other words, you have to know what
‘materials you have to work with, how you are going to plan the Job how you are going to do it
once it has been planned, and Just what tools are going to be required to do the job. In"many
cases, the material you will be using will be determined for you, either by written or oral
specifications. “When you work from blueprints, the material is usually specified right on the
print. When working from a sketch, you may have to find out from your supervisor Just what
kind of metal he wants and what gage or thickness is desired. Generally speaking, the shape
of thé object will determine the layout and the forming methods used. The use to which the

"%y object will be put will determine the kind of metal best suited for the job. You may work

with sheets made of black iron, galvanized iron or steel, aluminum, copper-ni&kel,

corrosion-resisting steel, copper, brass, or zinc. It 1s common practice-when working with

sheet metal to specify the thickness by gage number. Figure 4-1 gives the gage, thickness,

and weight in pounds per square foot for galvanized (zinc- coatedr and black iron (no

protective covering) sheets--generally the two types that you will be working with. Some

sheets have thé gage stamped on them. If not, you will have to measure the thickness to -

determine the gage. Galvanized sheet usually measures 1 gage thicker than it actually is.

This 1s due to the coat of zinc that is placed on the metal after it is rolled to a specified .

size. It is a good idea to check the sheet, whether it is marked or not. This will eliminate °

any errors or doubt. Sheet metal is tricky to work with. You will learn by experience how

you can bend certain types. You wil) also learn, by experience, to be extremely careful when

handling sheet metals by the edges, usually by cutting your fingers. "Always file a fresh cut

-metal edge to remove burs and fishhooks. . .

»

Black Tron Galvanized
' tron
R Gage U.S. : : y .
. Thickness Wt in Tb per Wt in'Tb per - i
. - (inches) . - sq ft sq ft
T - f . »
K 7 0.0097 0.406  , 0.563
30 ..... .0120 0.500 0.656
28 ... .. .0149 0.625 . P.781 _ o -
6. .... .0179 0.750 e.-s}os -
24 ... .. - .0239 1.000 J56 -y .
2 .« o oo .0299 - 1.250 1.306 : Lo
20 . .. .. .0359 1.500 - 1.656 '
18..... . .0478 2.000 2.156
6..... .0598 2.500 ° 2.656 . o
14 ..... .0749 3.125 3.281
12..... .1046 . 4.375 4.531 .
10..... 1345 5.625 5.781 _ '
o / t 3
"Fig 4-1. Gage, thickness, and weight of black’ ‘
and galvanized iron. " )
) - 2 . , qﬂi S
s
SHEARS . . oo
) A metalworker must be familiar with the methods of cutting, bending, drilling, , .

’

. forming, and riveting metals. You shoitld be familiar with the more common handtools and how
to use them properly; for example, how to measure, drill, and use a file or hacksaw. Cutting’
sheet metal is a common occurrence; once a Job 1s laid out, the next step is to cut it out.
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. The type of equipment used to.do the cutting will depend, of course, on the thickness of the
material to be cyt. Thin pieces of comparatively soft metal may be cut more readily with hand
snips. But for ~§ar‘d, thicker type metals, machineétare used. These machines are divided into
two groups; manu#lly operated and povwer-opkrated. ach type of cutting machine has a definite,
cutting capacity which should never be exceeded. A few of the more common types available in
maintenance hatta]\io\ns, depots, and base maintgnance and repair facilities are described in

this paragraph.

. L |
. a. Squaring shears (fig 4-2y. Squaring sv(:uvZar‘e. used forscutting and squaring -sheet .
metal. - They may be Foot-operated or power-operated. They consist of a statignary Made
attached to a bed, and a myable hlade attached.to a crosshead. To make a cut, the work is
placed in the desired position on the bed of thé machine and the blade is moved through its
downward stroke. The stroke'of the cutter blade 1s always identical in its relation to the
bed. .A foot-powered squaring shear is equipped with a spring which raises the blade when
pressure is taken off the foot treadle. A scale graduated into fractions of an inch is
s inscribed on the bed. Two side guides, .consisting of thick steel bars, are fixed to the bed,
‘one on the left and one on the right. Each {s placed so that its inboard edge creates a right
angle with the cutting edge of thebed. These bars are used to aline the metal when .
absolutely square corners are desired. When cuts other than right angles are to he made
across the metal, the’beginning “dnd .ending of the cut has to be maxed in advance. Then the
work is placed into position w?th the mrks on the cutting edge of the bed, and the cut is
made. A holddown mechanism consisting of holddown levers is incorporated in front of the

- L4

*

GRADUATIONS ON 9€0 {ENLARGED)

. ' . Fig 8-7: Squaring shears. \

\.

movable cutting edge in the crosshead. Its purpose is to clamp the work firmly into place
while the cut is heing made. The clamp is quickly and easily operated by rotating the lever
" towards the operator's position. A firm downward pressure on the lever rotates the mechanism

over center on its eccentric cam and locks the holddown in place. Reyersing the action

‘ . unlocks and releases the work. Three distinctly different operations, cutting to a line,

. squaring, and mltiple cutting to a speci fic size, may be accomplished on the squaring

shears. When cutting to a line, proceed as above. Place the beginning and ending marks on
the cutting edge and make the cut. Squaring requires a series of steps. First, square one
end of the sheet with one side. Then square the remaining edges, holding the one square end
of the sheet against the side guard and mking the cut. The remaining sides are squared one
edge at a time in the same manner. When several pieces are to be cut to the same dimensions,
make use of the adjustable gage. stop with which most squaring shears are equipped. This stop
is located behind the béd cutting edge and its purpose is to 1imit the amount of metal that
can be slipped between the cutting edges of the blade and hed. The supporting rods -for the
stop gage are graduated in inches and fractions of an inch, and the gage bar is rigged so that
it may be set and fixed at any point on the rods. With the gage set at the desired distance
from the cutting blade, push each piece to be cut against the stop. You will be able to cut
each piece to the same size without measuring eachfne. Not a1l squaring shears have a safety
guard, but they should. No one sticks his fingers in the machine intentiqnally, but accidents
do happen, and the safety guard is just one precaution well worth having on the machine. The .,
shear should be operated by one man, but in case two ‘are required for the job, extra care
should be taken. If you are operating the treadle make sure your partner has his, fingers
clear before depressing it. The squaring shears were designed to cut flat sheet metal. NOT
square, round, or bar stock. You will not only dull the blades, hut’serfous damage to the

machine will result. -Qther Machines have been-invented just for that purpose; use them.
A )




b. Throatless shears (fig 4-3). Throatless shears are constructed so that sheets of any
! Tength may beé cut and the metal. turned in any direction during the cutting operation. Thus, S
irregular lines can be followed, or notches mage without distorting the metal. This type of. ~- .
shears 1s essentially an adaptation of vy hand shears, in which the handles are removed, :
one blade secured to a base, and loﬁg‘}ntgr attached/to the movable blade.

“ P
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> Fig' 4-3. Throatless shears.

[ L w

c. ‘'Hand bench shears. This type of shears is similar in operation to a papercutter.
That 1s, 1t has a Fixed blade, and a movable blade hinged at the rear. Since the blades are,
straight, they can be used only for cutting straight edges. For cutting petal. that i3 '
narrower in width than the length of the blades, the cutting-edge lever can be pulled all the
. way down; ‘however, for cutting larger pieci;, a continuous series of short bites should be

made, since complete closing of the blades\tends to tear the sheet at the end of each cut.

Some bench shears have a punching attachmert on the end of the frame opposite the shearing

blades, which can be used to punch holes in metal sheets. -
. « : $

EXERCISE:  Answer the folldwing quéétfons and check your responses against those listed at

: the end of this study unit. :

1. The layout and the method used to form a sheet-metal object is' determined by the

a. welght of the mekal. _ " ¢. size of the object. -
b. type of metal. . i d. shape of the object. L

2. The weight, in pounds.per square foot, of a piece of 22-gage galvanized iron is

-

a. 0.0290,. - _c. 1.406. : .
. b. 1.1250. _ d, 3.2. *. -
3. The squaring shears are designed to cut " stock. " ~
. a. square . /r\%\-. c. bar
b. sheet - d. round

4. Devices for clamping she4qt metal i e on a squaring shear are known as

-a. claﬁps:
b. guides.

-
‘

squares.
7/

5. Shears which are used for notches, curyes,fand straight-l1ine cuts on 1ight sheet
netal are known as . 4

. a. throatless. c.- power shearing. < ' .
~ b. hand bench. S _ .
6. The type of shears ysed only for cutting straight edges are shears. 4' g
* a. sqdﬁrdng ' {_c. hand bench ; .
. b. throatless : _ : ) e s
i . . » . ‘
! ¢
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‘work Unit 4-2. SPECIAL TOOLS

I LIST THE FOUR CATAGORIES OF SPECIAL TOOLS USED IN METAL WORKING.

~ ‘Before discussing the tools individually, a few comments on the care and handling of
hand tools in generd) might be appropriate. The conditior in which a mechanic, metalworker,
or anyone for that ma'tter, maintains his tools, reflects his efficiency as well as the oo
opinions of his superiors who Jjudge his day-to- work. Cach tool should have its -place and,
when 1? is not used, it should be kept in its placq. fEaCh tool should be cleaned after each
use before it is returned to its proper place, whether that place is in a toolbox or in a
centrally located toolroom. If the tools are not going to be ugkd agafh the same day, a light
perservative coat of 011 should be applied -to prevent rugt. Tools that are used on 2
workbench or at a machine should be kept within easy reach of the person using them, but in a
place: from which they will not be knocked off. Tools should not he placed on finished
' surfates of any machine. - o e

a. Smips (fig 4-4). Snips do justtmat thefr names imply; they snip or cut off pieces of
\ me tal. Unlsie hacksaws, snips won't remove a wide area of metal when a cut is made, There

is, however, more danger of causing minute metal fractures along the edges of the metal during . \

the shearing prucezg. For this reason, it is better not té:cut exactly on the layout line in

an attempt to avoi Yoo much finish work. Cut as close to the 1line as is safe; there is no

. set rule for is distance. You can proceed safely; however, on the assymption that -the

thinner and softer the metal, the closer you can cut to the layout line. . Some fractures are

so severe that they cannot be removed when the metal 1s dressed. Leave about 1/32 in. for

dressing. When eutting from the edge of a large sheet, you will have better luck if you cut
' from the left side. A small section of scrap -material will curl upward (fig 4-4), while “the

larger plece of material will remain flat. When the left cur)s_upwards, it provides clearance

/ - k4
h

p

b " Fig 4-4. Cutting from the left side: S
! v ' “ |

! for the frame of the shears to advance along the cut. The cut should never be the full length
" of the blade. If the poimts of the snips are allowed to come together they will tear the
metal as the cut is completed. Stop the cut before the end of the blades has been reached and
take a new bite. When cutting heavy-gage metals, use only -the rear portion of the snips.
This not.only reduces the possihility of springing the blades, hut it gives greater leverage.
Once a pair of snips are sprung, they are virtually useless. Hand snips will withstand a lot
of hard use, but there is a 1imit to their endurance. Never use them to cut hardened steel
wire or other similar objects. Such use only nicks, dents, or destroys the cutting edges of
the hlades. There are many- types of snips used for special Jobs. The ones described here are _ :
the more general types and ones that you will most 11ikely handle. The straight hand snips .
(fig 4-5) have blades tha§jare straight and cutting edges - that are sharpened to the 850
angle. They can be obtained in sizes ranging fpbm small 6-inch snips to the large 14-inch
type. Designed to cut sheet metal wp to 1/16 in., they are able ‘to cut slightly heavier gages
of aluminum alloy. It's a tough and crude job to try to cut circles and arcs with straight
blade snips, so for this purpose specially designed snips are used. They are the circle,
hawks-bi11, trojan, and aviation ships {fig 4-5). Circle snips, with their curved blades, -
will handle-any curve except the smaller ones. The hawks-bills are particularly useful in’ -t
mak ing curved cuts in large sheets. With their narrow curvet blades, vhich are beveled enough
“w.ig permit sharp turns without buckling the metal, the hawks-hil] snips can cut el ther inside
or outside circles of small radius. “These as well as the cjrc]é.snips must be used carefully, -\\\
as their blades are easily sprung. The trojan snips are one of a group. of snips known as .
“comb ination snips.” The advangage of the .trojan snip{ s that they can be used for several .
types of work; therefore, only’one pair of snips is needed to handle 'the average sheet-metal “
' job. They are rugged and should be used for heavier curved cuts, although their blades, are X
sml1l enough to permit sharp turns and they can he used to cut inside and outside curves. ‘A .
special pair of snips resembling the trojans has been designed for cutting stainless s teel. ul:»f .
The cutting edges are inlaid alloy, and stamped on the handles are the words "For, Stainless ,
'Steel Only." " Do not use regular snips on stainless steel and do not use stainleds steel snips
on brass, copper, or galvanized or sheet iron.. Another popular type is the aviation snips. .-

' 4-4 143 o : ’ .




They have narrwer cutting blades operated by a compound lever action which ‘enables
~ considerable pressure to be exerted on the blades with less effort being applfed to the
handles. These snips are used for cutting circles, squares, and irregular patterns. The
" _.hardened cutting hlades make it easier to cut hardened materials. Many snips o{ this type
"~ have sml11 serrations or notches on the cutting edges which prevent them from si1ipping
backwards vhen a cut is made. though this feature makes the cutting a 1ittle easier, 1t

mars the edges of the metal slightly. You can remove cutting marks 1f yousallow proper -
clearance for dressing the metal after cutting. S § % '

-

3,..,.4. ‘
. ‘ . :A - .
’ L MAATION SPe - / . \
o ' ' - Fig 4-5. Types of hand snips. \ _ ! 1(«
b. Riveting tools. = . D .
(1) Rivet cutters (fig 4-6). In.case you cannot obtain rivets of the required length, - ’ ‘

rotary rivet cutters are used to cut longer rivets to the required lemgth. When
using the cutter insert.the rivet part way into the correct-diameter Hple, place
the required number of shims (shown as staggered, notched strips in thé - -
illustration) under the head, and squeeze the handles. The compounded<action from

_the handles rotates the twp disks 1n opposite directions. This shears the rivet -
smoothly to the correct Wngth. When using the larger holes, place one of the ‘ o
handles in" a vise, insert the rivet, and shear 1t by pulling on the free handle. -y

If this tool 'is not available, diagonal cutting pliers can be used, although the
- sheared edges will not he as' smooth and even as vhen cut?ag;with the rivet cutter.
_ t .

g

. C |
.1““ . h -
_.J} N~ e . i —
A 4 Fig d-6._ Rotary rivet cutter. . \
s"ﬁ“r,: ] ‘ , - : . . !
RN / . : .
. (2) Rivet set (£ig #-7). A rifbt set is a tool equipped with a die for drivinga
. particualr type of rivet. Rivet sets are usedpin both hand and' pneumatic hammer N
riveting methods. ~They are available to fit ahy size and shape rivet. The .

ordinary hand set.is made of 1/2"-dlameter carbon steel, is abeut 6 inches long,
Ny ~ - ' /and khurled to prevent sMpping in the hand. Only the face of the set is hardened
and polished. Sets for-thg.universal, round, hrazier, and oval-head rivets are
- recessed (or cupped) to fit the rivet head. In selecting the correct set, be sure
—_— ‘¥ that it will provide the proper.Glearance between the set and the sides of the
' rivet head and between the surfaces of the m%tal and the set.~ Flush or flat sets
A ¢ In order to set flush rivets
ould be aﬁ"le‘qs"{ 1 in. in diameter. Special sets,
" the,sheets heing riveted in order to

i “are used for coun unk esxad flathead rivets?
properly, the.flush sets
called "draw™ sets, are used to "draw up

. eliminate any openings between them before tfh!wr;‘rvet is Qucked. Fach draw set has
} a hole 1/32 4g. 1arge»(,tha the diameter of the rivet shank for which 1t was made.

t
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(3)

‘being used.

. N ' | ‘

Sometimes, especially in handworking tools, the draw set and the rivet header are
incorporated g:to one tool, The header part consists of a hole sufficiently
shallow for the set to expand the driven rivet and form a head on it when the set
{s struck by a hammer. Figure 3-7 illustrates a rectangular-shaped handset which
combines the draw and header sets, and a flush set used with a pneumatic hammer.
Sets used with pneumatic hammers (rivet guns) are provided in many sizes and .
shapes to fit the type and location of the rivet. These sets are the same as the
handsets excapt that the shank is shaped to fit the rivet gun. The sets are made
of high-grade carbon too) steel and age heat-treated to provide the necessary
strength and wear resistance. The tip or head of the rivet set should be kept
smooth and highly polished at all times to prevent marring.of the rivet head.

[

Fig a-7. RiVet sets. ™~

Bucking bars (fig 4-8). To form rivets with the rivet set, a bucking har is used
orm "hucktails" (the heads formed during riveting operations) on rivets.

Bucking bars are normlly made of an alloy steel similar to too)l steel. The
particular shape to be used depends on the location and accessibility of -the rivet
to be driven. “fhsﬁs‘ize and weight of the bar depend on the size of the rivet

The pdrtion of the bar designed to come in contact with the rivet has
a pol ished surface to prevent marring of the formed bqﬁpaﬂs. These bar faces
must be kept smooth and perfectly flat’and the edges and corners rownded at 814
times. A satisfactory rivet installation depends on the condition of the butk
bar and the ab11ity of the metalworker using it. If possible, hold the bucking
bar in such a manner as to allow the lengest portion of the bar to be 1ine with
the rivet. Hold the bar 1ightly but firmly against the end of the rivet shank so
as not to unseat the rivet head. The inertia of this provides the force that

- bucks (upsets) the rivet, forming a flat, headlike bucktail.

e O
sSSP

: : ANOhI SPECIAL STRINGER -
' BUCKINO FLANOE . P )
' DIAMOND - SPECIAL TORPEDO . . )
) POINY TusE .
| @9 @fﬁ ? )
. NUT Pl-A" ior'l::,i:'l oUCKMLL . »
}D Fig 4-8. Bucking bars. _ o .
. - '
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c. Striking tools, Generally speaking, this group of tools (is composed of various:types
of hammers and maYTets, all of which are used to apply a striking here the force of the

hand alone is sufficient. The metalworking hammers\are divided into two classifications, hard
face' and soft face.. The hard-face hammers are made of forged tool steel whilg the soft-face

are made of wood, brass, lead, rawhide, hard rubber, or plastic. The metal-MeaWed hammers are _

s usually classified according to the weight of the hiead less the handle, The 4-4z and 6-oz
sizes are used for 1ight work, such as tapping a prick punch or a small drift pGnch. The 8-

‘ 10" and 12-0z sizes are best for general utility work; the 1-1b and heavier sizes are used for
. heavy-duty jobs, -

(1) Hard face (figure 4-9).. One of the best known general-purpose hammers is the ball
’ o peen, often 9n[led machinist’s hammer. The ball end is known as the peening end
and the flatfend is the face. A couple of cousins to the ball peen are the
straight peen and cross peen. Both have wedge-shaped peening ends. The face end 4
the samé as the ball peen. A riveting hammer is used for forming metal as well
s for driving rivets, and if you are forming sheet-metal seams, you will need a
setting hammer, which is designed for getting intd tight corners and for forming
metal at right angles: The planishing hammer has two metal heads with slightly
convex faces, The heads may be round, square, or a combination of both,
Planishing hammers are lighter than most hammers and are primarily used to smooth
out metal surfaces that have been bent out of shape. For planishing, the metal is
Taid on a smooth surface, such as forming blocks or a stake, and the irregular-
“ities are lightly struck with the hammer until smooth. Avoid glancing blows as
these will cause the metal to stretch. ;

SO \
A
s o
-~ Ball " . - .
Peen Riveting Setting 'Planishing 4
N Fig 4-9. Hard-face hammers. ® ‘

(2) Soft face (fig 4-10). These hammers have faces of rawhide, wood, plastic, copper,
or pyralin. As a general rule, wood does not make a satisfactory soft-face hammer
since it is likely to splinter, A closely ‘wound rawhide mallet is very satis- -

- factory and will stand a surprising amount of abuse. Do not use it on punches or
objects having small diameter as they will destroy the surface of the face. A
] more elaborate soft-face hammer features the replacable tips which are clamped in
c// the head of the hammer.: Tips are imade of rawhide, babbitt, or copper. The mallet
o - is”a hammer1ike tool made of hickor?, rawhide, or rubber, and is used forpounding-
down seams and forming metal sheets over stakes. A mallet will not dent or mar
x{\ the metal as will a steel hammer. '

-~
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e scriber, dividers, flat steel square, trammel points, circumference -rule, prick

LEX°“t tools. The tools you will most often use ﬁn laying out sheet-metaf'patterns

punch, center punch, and combination square..

0

\

(1) Combination square (fig 4-11). The combina-
tTon square-may be equipped with any of the
heads il1lustrated. Equipped with a square .

+ head, it can be used to lay.off lines or to . ) 0
check work at either 900 or 450. It can 19uARE Haap
also be .used to score a parallel line at a '
given distance from an edge, or to check a
given thickness or depth by setting the end of
the blade the given distance from the 900 . R
face on ‘the squarehead. Equipped with a IR SRR . .
protracter head, the square can be used to lay y/
of f 1ines or to check work at any angle.

"gquippedith the center head, it can be used K
to find the center of round stock.

*
-

Ed

CENTan
H¥AD

¢ -Fig 4-11. Combination Square.

'
]
[ ~

(2) Dividers (fig 4-12) and trammel points (fig 4-13).2 Dividers have many uses, most
oF which are fairly obvious. Probably their principal use is transferring .
measurements from scale to work and vice versa.  They are also used to divide a
given length into equal.segments ami to scribe circleb on etock. The trammel (fig
4-13) serves the same purpose as the dividers, but can be extended to cover
measq<§ments which are beyond the capability of 599 dividers. f;'

-

7 .

Fig 4-12. Dividers. _ Fig 4-13. Trammel points.

(3) Punches (fig 4—}g). Puncheg are used to » .7 »

Tocate centers for drawing ¢ircles, to start .
holes for drilling, or to psnch holes in thin .
sheet metal. They are generally classified -
as to their design and intended use, for , . et P
example, prick punch, gentér punch, pth : : X
punch, etc. Center punches are used&;o start
" the hole to be drilled with a twist drill. ~ : : ’
The point of the punch is ground to a 900 - : .
taper.. The prick punch is used to locate
points on sheet metal and to mark centers for : :
circles. _The shank of the punch is ground to .
a 300 tapgr. . Its use is limited strictl : :
to "pricking" the sheet-metal surface.to nark
a point and it should not be used in place of
the center punch. The pin punch, with its
long straight shank, is used for driving out
straight and taper pins, rivets, etc.-

~ ¥

PN "\':’, jor- TP -

i} [ J )
Fig 4-14. Types of punches. P

(4) Measuring tools (fig 4-15). Rules are graduated measuring instruments made of
wood or metal. The graduations are in inches and fractions of an inch or in
.centtmeters and millimeters. The most common ones used by the metalworker .are the
. flgxible’steel tape, the machinist's. 6-inch steel rule, and the carpenter's steel .
" .square. The metalworker will find that the flexible steel tape is suitabig:for e
most purposes. The carpenter's square, al though basically a carpenter's .
instrument used for laying out woodwork, is a very good instrument for laying, out
jobs on large sheet-metal surfaces.
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) " Fig 4-15. Tools used for measuring and layouts.

(6) Scriber (fig 4- 16) The scriber is used for marking lines on metal, especially
when measuring with a rule. The bent end 1s convenient- for marking inside of
cylindrical objects or partially closed recesses. Keep the scribér sharp and use
it like a pencil with only enough pressure to make a clear mark. -

) . - ' : “ s ’ N 3
) .
! & , a r !
: ! Fig 4-16. Scriber. :
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EXERCISE:  Answer the following questions and check your responses against those listed at
: ’ the end of this study unit.

1. An inside circfe haying a small radius should be cut with

. N >
! a. bench shears. c. squaring shears.
. b. combination shea / d. hawks—bi]] snips.
2. 'Snips «designed for cutting sheet-metal up to 1/16 in thick .and aluminum alloys of .
, slightly heavier gage are known as _
. - . »
. a. straight l@nd. ’ c. aviation.
y ’ b») circle. d. trojan. *
n/ . } 3
< A | 3. When you bring two piecesnof metal together with a rivet set to e]iminate any, .
opening betwsen them, your action is referred to as ' . _

/ 1 ) . . .
i a. backing. ~ c. upsetting. . ' e !
o b. drawing up. ) _ . d. headding. r)

. 4. To form sheet-metal seams and get ‘into tight corners, it is advantageous to use
\\‘—\. ‘ a type hammer. .
> ‘2. ball peen : i? . -~ c. set
) b. cross peen d. wooden mallet
' 5. To “bucktail" a rivet means that you are “
) a. cutting the rivet shank. ' * «c. heading the rivet, -
- ~b. drawing the rivet _ d. smoothing the rivet's edges. . (¥
| 6. List the fow catagories of special tools used in metal-working. ;
a. A . ' C. . f : . .
b. ““d-. . 7, ’_ ¥
v o Hﬂ'
b ~ . . ; . i . ."“~"
-/ 4-9 , |
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’ SHEET-METAL. FORMING MACHINES "

Work Unit 4-3, |
| LIST THE EIGHT MACHINES USED TO FORM:SHEET-METAL. ' ‘

. a. Slip-roll forming machine (fig 4-17). Sheet metal can be formed into curved shapes
over a piiﬁgor mandrel’, but the.slip-roll forming machine is much easier to use and produces
" more accurate bends. Rolling machines are available in di fferent sizes and capacities; some
are hand-operated, others are power-operated. The machine in figure 4-17 has two rolls at the
front and one roll at the rear. Adjusting screws on each’end of the machine adjust the height
and angle of the rear roll and control the distance between the front rolls.. By adjusting the
rolls, the machine can he used to_form cylinders, cones, and other curved shapes.” The front
rolls grip the metal and pull {t into the machine; therefore, the .adjustment of distance
between the front two rolls 1s made on the basis of the thickness of the.sheet being used.
Conical shapes can be formed by setting the back roll at an angle before running the sheet
» through it, or they can be made with the rolls parallel. To m&ke a cone with the rolls °
. parallel involves slipping the large end of the cone througn. the roHs{_at a slightly faster
. rate than the sml1l end of the cone. Grooves located at the end of the rolls are used for -
rolling wire or rods. .To form a cylindrical object as sh in figure 4-17, the rolls must be
- parallel to one another. The front rolls grip -the metal :»buﬂ it in®o the machine. These

S rolls are geared to the operating handle and must be adjusted so”that just enough pressure is
- exerted on the sheet to enable the machine to "grab" the metal=~.Jhe rear roll 1s an idler and
% Is adfusted up or down to form the desired radius. Adjust the f to grip the metal

that you are forming. Adjust the rear roll to a height that is obviously less than enough to
form /the desired radius-of the cylinder being formed. Start the sheet into” the roll. As soon
as the front rolls have gripped the sheet, saise the free end slightly. Pass the entire sheet
throigh the rolls, forming a partial curve of the cylinder. Set the rear rolls higher to form
a shorter radius, turn the sheet end for end, and pass it through the rolls. Conténue turning
- the/ sheet end for end, adjusting the rear rolls, and passing the sheet through wntil the
degired radius is formed. To facilitate the removal of cylinders from the rolls, the top
front roll has a releasing device by which you can release and raise one end of the roll to
slip off the work. Practice and experience will enable you to adjust the rear roll.for any
desired radius. - '

— N

: Tegmme
GROOVES » STEP LAY IMATNG THE SeLY
| ROLLS  yYPPER ROLL

B > ¥ .
HOUSING -~ OPERATING, HANDLE —‘_0

KNURLED
ADJUSTING SCREWS BASE GROOVES

2 ADJUSTING SCREWS, ' SILFK) FORMING THE 208 /

Fig 4-17. Forming a cylinder with slip-roll
forming machine.

-

b. Rotary machine (fig 4-18). This is used on cylindrical and flat sheet metal to shape
the edge or form a bead along the edge. Various-shaped rolls can be used to perform '
\ operations such as heading, turning, wiring, crimping, and burring. The beading rolls are
used for turning beads (grooves) on 3uch items as tubing, cans, and buckets, and for
sti ffening and gripping. Beads may also be placed on sheet stock that is to be welded.
Turning rolls are used for turning an edge to receive.a stiffening wire. The wiring rolls are
used to finish. the wired edges prepared on the turning rolls. Crimping rolls are used to make
one end of a pipe smaller, so that two sections may be joined together Bj{ slipping the crimped
end into the uncrimped one. To turn an-edge at right angles to form byrrs (narrow flanges) for
seams or hens, adjust and aline the rolls so that the inside edge of the top roll fits over
the shoulder of the bottom roll. Make the clearance ‘equal to the thickness of ‘the metal.
This is impogtant as less clearance will cause the top roll to act as a shear and damage your
material. Set the gage to turn up the proper amount of metal. T!‘c 1s usually from 1/8 to. -
3/16 inch. Place the disk as shown in figure 4-19A amd move the top roll- down until it grips
the stock and creases it-slightly. Crank the handle, keeping the edge of "the disk against the
gage. " Allow the disk to revolve as ypu crank (fig 4-19B). The first revolution should be
fafrly slow 50 you ¢an aet the burr acCcurately established. After the first revolution of the
d}"sk, disregard the gage and fH11ow the crease, increasing the top roll pressure and turning

— / '\‘ N .. . }
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as before. Raise the disk slightly after each revolution (fig 4-19C), and you can increase :
‘your cranking speed, The rotary head will take sets of rolls which are attached to the shafts-
by round nuts that scréw flush with the outside of the rolls.: Figure 4-20 shows a set of
wirin? rolls being used to wire an edge. Always double check your machine setup by doing a
practice job on a piece of scrap metal first. This will save you a lot of troyble as well as
a2 Tot of material. s : . ﬂ—

- CAANK

! a
ot :l‘;%ggl ".’ SURRING IOIllS P momm TURNING ROUS  WIRING lot}! =
Fig 4-18. Rotary machine and disks. : gé
N - . , ’. ‘ . ¥ . | . 7
" F ‘
’ - -
(
} [(3) - | o -
. ' Fig 42)9. Burring a dfsk.* : ‘ K
’ . - . . '
W | | | . - .
- (A) r(a) {m
- ) B J . . ’”
Fig 4-20. Wiring an edge. . ° o R

*

c. Cornice brake (fig 4-21). The cornice brake is designed forgbending large sheets of
| metal. Tt Ts adjustable for clamping a wide variety of metal, thickn@ses and for bending this
metal -to a variety of radii.. The brake is equipped with a stop ?age consisting of a rod, .
yoke, and setscrew, by means of which the travel of the bending leaf is limited. This 1s a E
useful feature when 1t is necessary to make a number of pleces with the same angle of bend.
The standard cornice brake is extremely useful for ‘making single hems, double hems, lock
seams, and/'arious other shapes, some of which require the use of molds. The mol ds arex, )
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Fig 4-21. Cornice brake and bending operation.
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fastened to the bending leaf of the brake. by friction clamps, in such a position that the work
can be formed over them. This machine is ruggedly constructed and will give lifetime service . g
-if* used properly., It will speed up your work and produce more uniform bends than can be ’
produced by hand. Before making bend’s with the cornice brakes, there are ‘two things you have -
to do in agdition to making suresthat the metal you are working with is not beyond the. rated
capacity of -the brake; they are as follows: - . , T

u

Adjust the clamping adjustment screw for the gage metal you are working. The clamping
device holds the work firmly in position, T R .

.. . . . ”

Adjust the upper -leaf to at least: the thickness of the metal. The d}stanceiis;
. ' measured- from the front edge of the lower jaw to the front edge of the upper jaw.
; . _ ; - Pl

It is important that you make these adjustments., For example, ,if your clanping adjustments
are set for 1B-gage metal and you make a bend in 24-gage metal, your sheet will not be held
firmly in positgon and will slip. This usually gauses the bend to ‘show up in the wrong
place. On the other hand if the brake is adjusted td clamp a very thin piece of Sheet metal -
and a thick sheet is inserted, the strain exerted on the clamping -Handle may be enough th '
‘break it. .To use the cornice brake, elect a piéﬁe of 18-gage or 20-gage scrap metal, Scribe

a line across the surface (thig. 1ine is known as the.bend or brake 1ine). Set the clamping

jaw device so that the metal will be held firmly in place without having to exert &oo much .
pressure on the clamping handle. Set the bend allgwance (fig 4-22) on .the upper leaf for the R
metal you are working on. This distance 1s measufed from the front édge ‘of the bottom leaf to

the front edge of the upper jaw, When the allowance set on the upper jaw is equal to the

thickness of the metal, you will get .a sharp bend. HWhen your allowance is greater than the
metal thickness, the bend will have a slfght arc. Raise the-upper leaf with the clamping - ’
handle and insert the sheet {nto theahgskg, bringing the scribe 1ine on the sheet into a

T : . -
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' Fig 4-22. Bend allowance. o -
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position evenwith the 'front e of the upper-jaw. Clamp-the sheet firmly into position. . ~
Raise the lower leaf to the desire\angle to form the dend or flange, Release the clamping ’
device and remove the sheet from the\brake. When the metal you bend is soft and ductile, your ° ‘
bend will stay put.- If the metal is Nard and _springy, you will have to raise the lTower leaf a
few more degrees than you would for so al to commpensate for the spring back of the
harder metal, The exact amount will be determined by the metal. Experience will be your
instructor and your eye will be your guide. You will sometimes have to make bends of the same
degre¢ in 3 Targe number™of pieces. Whén you have made the first bend, set the stop gage. To- -
do this, raise the bending leaf to the position required to make the first bend, slide the oo
«yoke (fig 4-21) up the. rod until it touches the stop ‘through which the rod passes, and tighten

the-s@crew. You can now make duplicate bends by raising the leaf until it contacts the stop

gage. o m

_Fig 4-23;' Cornice brake with attached rold.

N d. Box apd pan.prake (fig 4JL4).' The box and pan brake is often called the finger brake
since 1t doestnot have solid upper jaws as does the cornice brake, .but a series of steel
fingers of varying widths. The~finger brake can do everything that a cornice brake can do and
several things that it can not do. The fingers are secured to the upper leaf by thumbscrews.

"~ A1l fingers which are not removed for any operation must be securely seated-and firmly

tightened before the brake is used. The-finger brake is particularly useful for forming boxes

and similar ob{ects. If a box were to be formed on a cornice brake, it would be necessary to

partially straighten one side of the box in order to complete the job. On the finger brake,

it is only necessary to remove the fingers that are in the way. The fingeribrake is operated

in the same manner as the cornice brake. Before you start any werk on the finger brake, be

sure that all the mjustments are correctly made for the gage métal that you are gofng to : ,
form, and that all fingers are properly set up. Thesg fingers can be easily sprung if the \‘b
machine is misused or improperly adjusted. Don't bend rod, wire, band iron, or spring :

tempered steel sheets on either the cornice or finger brake.

Fig 4-24.- Box and pan prake.peing used to fGFﬁ’sZX. ) _ T

—
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e. Bar folder (fig 4-25), The.bar .folder is a bench-mounted machine used to fold and
bend metal In a number of shapest It is equipped with- @ graduated scale to obtain any desired . - o
seam widths up to 1 inch. An adjustable collar stop allows the folder to be set so that any
bend angle can be madg. An adjusting screw located on the back of the machine controls the
raising or lowering of the wing, which in turn gives the desired sharpness of the bend. To-
operate the bar folder, adjust the thumbscrew to the specified width of the fold, the&n turn
the wing-adjusting screw on the back of the machine for the degired sharpness of the bend.
Insert the metal under the folding blade until it rests against the stops. ~Hold the metal A
firmly in place with one hand, grasp the handle, with the other, and pull forward until the , '
desired fold is made. : . v ¢ .

=

4"] 3 ' ’ ) . . = E- s

o » T .
. - : A\ -
& > , i 2 L. ) ) o
- . . P e ‘ , . . . {
N » N .
s “ e N . w



=~ Adjugtable collar stop

[

Itandtie

Folding blade

|

Gage adjustmapt
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Lockjng screw
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Bar folder and types of bends which cdn be made. -
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Al though beading may be done in an v .
emergency with the turning rolTs of the rotary machine, the deep-throated beading machine is

take several revolutions to form a bead, thus

Start beading next to the seam and stop just

Never allow a seam to pass through the rolls.

* Graduated
sCrew . scule
i :
W Yy
1 F ] ‘
h .
N ;
] .
- F‘ig 4-25,
1 , -
f. Deep ~throated beading machine (fig 4-26).
especially designed for this. You will .need to
avoiding severe stresses and -possible cracks.
before the scam is reached.
goes through the rolls, it will spring the machine and wéaken the seam.
Fy . . -- .,.‘_"" ‘ ’

. &
» ° J‘ ... ﬂ,
f. R Crim ing mchine (fig 4-273.

The bead reinfqrc_eg the cy

"

Cl‘

hping m

the erids oF metal cylinders so they can be fitt
+ - machines aTsp carry. beadir? rolls next to the crimping rolls as shown in the 1llustration.
i

'?‘pping too far 1ntao other cylinder.

chines are .
to oth

fder and prevents it from sl
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the seam and stop- the crimp when it comes around to the seam. “NeveA\g£rimp over a seam; it .

For jobs with riveted or grooved seams, start the crimp near the segm and stop the crimp near

will damage the rolls and spring the shafts.

‘and you will get a neat job.

Keeps the edge of the cy

g

-
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“CRANKSCREW

_-HOUSING

-WINGNUY ' TO
NP ROLLS

Ander against the gage '

) CRIMPING ROLLS-T
_ 0GEE WINGSGREW

: . BEADING AND
- CRIMPING ROLLS -

% Fig 4-27. Crimping machine with combination cr1mp1n§ and beading rolls.
. _ R -

h. Setting down machine (fig 4-28). "Setting down machines are used to close single’
seams. They are a T-Job machine, that is, they can be used only for setting down or;clpsing
seams. Their béveled jaws grip the seam and mash it down -to make it titght and smooth. .

-

SETTING
DOWN

-.Fig 4-28. Sétting_gown_michine,closing a sean.

>
o

i. Sheet-metal stakes (fig 4-29). Some of the work "that you may do 1?§a sheet-metal shop
may involvé, the use of anvils and stakes. You may not have all of those iTlustrated in figure
3-29, but you will probably have some of them. These stakes have a variety of shapes-and are
used to back up the metal when forming the many curves, angles, and seams in the forming
' process. The stakes are not delicate instruments and many of their faces are hardened steel;
nevertheless, they demand prdper-care and use. Do not use them as backing wMen chiseling
T holes or notches in sheet metAlw< If they are used in this manner, their surfaces will become
marred. - Some of your work may}require che use of several stakes. The stake is held securely
in a stake holder which is usudlly anchored to a workbench. One of the tappered holes in. the
‘stake plate will fit the tapered’'shank of the stake that you may be using. Small, cylindrical
apes and bends with small radii can be formed over the Stakes. Suppose you were told to
form a small cone over a stake. Figures 4-30 and 4-31 11lustrate the forming of .a cone on. a

»

- by working the sheet with a rolling, sliding motion over the stake.” When selecting the 'stake,
remenber that the radius of the stake must be slightly smaller tW&n the radius of the object
that you are forming. Form the edges of the sheet in the manner you used on the cone, and -

) finish the operation with your hands. If the material you are forming is a heavier gage than
- you can readily work with your hands, you will have to form the piece over the staké using a

B mallet to shape the sheet. : . ’ ° _

* B <
. . ’ s

-

btowhorn by 11ght blows with a mallet. Form the remaining portion of the.cone with your hands.
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Fig 4-29. ' Stakes and stake.plate. ' “ve
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~~ Fig 4-30. Forming a cone on a blowhorn Fig 4-31. Forming a cone with your

: stake. s . hands . _
- j. Summary. Shop organjzation varies from one duty station to another. A relatively
large repair Facility may be organized to permit a Yreat geal of specialization, that is, some

\ metalworkers will work as sheet-metal men, others may devote all their time to welding. .In * o
smller units, you my work on di fferent jobs without specialization in any of them. It is . -
Jikely that you will be assigned first to ona type of unit and then to another; not only will .
you do di fferent types of work, but you will be mrking&ith di fferent types of machinery.

A Al though you may not know.the proper methods of operating these machines, your NCOIC_will give
you the scoop on the how's, why's, and wherefore's. It was the intent of these paraﬁ'i*aphs to
familarize you with the di fferent typés of .machines and practices that you may encounter in
your travels about the Corps. The most important things to:remember about tools (personal,
special, or shop) are to use them for the purpose for. which they are intended, keep them N

_ clean, and keep them in topnotch condition. =~ , -
. a . '
EXERCISE: Answer the following questions and.check your responses against those lsted at N
"y _athe en this study unit. ' . - .

1. When forming a qum'br. on the sﬂp-roﬂ ‘forming machine, you obtain the ‘:deéired
radius by adjus ting the . ron\(s). . B '

C 4. top front - b Co two front -
. b. Tower front - . d. rearl to ’
) a . . ' - . ' ’ N . !
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2. Conical shape$ can be forged on the sl1p-roll machine by angular sett1nq of

) . the - roll(s). . ,
e T AL, rear ' c. two front -
’ b. top front and rear d. bottom front and rear '
3, The process in which a machine turns an edge at right angles tdkform narrow
flanges for seams 13 known as . .
a. beading. - * ¢. turning. P
: T b. burring. . d.. crimping. . . 'i% L
s 4. The process whereby rounded edges are formed 1s called /
, a. burring.. ’ €. turning.
b. beading. . d. wiring.

5. The process of shr1nk1ng the end of a metal cylinder so that it can be fitted into
a cylinder having the same diameter s known as

a.” setting down.* R grooving.
‘b.” drawing. ' ) 4. crimping. h
- S 6. AMachine used to make a uniform bend in sheet metal s called a / : ) o
a. corniceé prake. bend i stake
. b.’ bender. - o ’ . creasing stake, ~ -

7. A ‘bepd, Mmade with a corn1ce brake tMat has a slight arc indicates a 1aw setting
' that 1s .-

a. equal to\the th1ckness ‘of the metal.
b. Jess than the thicknéss of the metal.
c. greater than the.thickness of the metal, )
d.

y

twice as large as the thickness.of-the metal _ ‘ N

8. Spring- Eack allowdnce for machine bend1ng of hard and springy metal 1s compensated
for by .

increasing the machine pressure. 3 o . h '

a.
b. ‘annealing the metal before bending. .
c. raising the lower leaf a few more degrees'than you would for sAfter metal. -
d. - adding the différence between the inside .and outside radius of fthe bend to the
thickness of the metal - -
, -
9. To make duplicate machine bemtis you would use a,
a, stop gage. - N - c¢. stake, ' . )
b. dolly. . d. finger ; : ,
; 10. A'machipe in which- parts of the upper leaf may be removed for forming a 5%x 1s .
called a ~
a. cornice brake. | " c. bar folder. . , ‘
b. finger brake. d.. moWd.
11. On - the bar folder. the desfred sharpness dn#the bend -1s obtained by setting the
) a. graduated scale. _ c. adjustable collar stop.
b. gage adjustment screw. : d. wing-adjusting screw.
" 12. . When uslng the crlmplng machlne with rolls and encountering a seam in the metal,
* you should g

permlt it to go through the rolls with reduced pressure. - .
never form it until after crimping. ; o . »
never permit 1t to go through the rolls. .
permit it to go through the rolls one time only.

an o
- e e .
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) ‘\\-\\;;\"The mashing down of a single seam to make it smooth and tight 1s called * : s

J ) a. drawing c. settin? down. R o ) ' 4
b. crimping. ~d. upsetting R ' . C,
14. S on sheet-metal are sometimes referred to as C Tines.
T ’ &
drawing c. .qenter
. ) _d. pXotection . ) -
- 15 //ﬁ;en selecting a stake, you should select &ne uhose radius is T the
_Object peing formed. —— ) .
: , . 5 v
a. slightly larger thap - . c. the same size as . B ¢
_ b, slightly smaller than « - d. one-ha\f as large as
Yist the eight types of machines used in metalworking. N * ) .
a. e. ’ ’ . - " - .
b. ) f. N :
c. g. _ " R | -
d. h. ‘ ., .
0’ . ‘ y X
f’fr Work Unit 4-4. SHEET-MEJAL LAYOUT ‘ . . ' \

_IDENTIFY THE BASIC PROCEDURES AND FUNDEMENTALS OF SHEET-METAL LAYOUTS.

Before laying out jobs on sheet metal, yéu would save material if you would first )
practice the layout on paper. If at all possible use template paper. This material has a
waxed surface that is well adapted to scribe and divider marks;. however, “if none {s avallable,™ ,
heavy brown wrapping paper can be substituted. In this case a hard pencil will have to be
-+ substituted for the scriber, and a pencil divider for your layout dividers. Care should be ~ g
taken to keep your pencdls, dividers, and scribe‘sharp because, the accuracy of your work wi
depend on them }

a. Using layout tools. .

(1) Scribing a 1ine. Figure 4-32 11lustrates the
correct method of scribing a 1ine using a
scriber and rule. Hold the scale or straight-
edge firmly in place. Set the scriber as
close as possible to the edge of the scale by
tilting it outboard. Exert pressure on the

- point and draw the line, tilting the tool
slightly in the direction of movement. When
you have to draw a*1ine between two points, .
prick-punch’ both points, and start from one
mark and scribe toward the center; then
complete the 1ine by scribing from the other .

_ mark to join the first line. . , ) .
s ’ . Fig 4-32. Scribing a Vine.

© 2 .

L8

. - N
- N

(2) Steel square. The flat steel square is a useful tool for laying out sheet-ﬁetal
jobs. HETore using it, or at least at peripdic intervals, you shou)d theck the

square for accuracy. When your square is off, your work will be off no matter how
_carefu] you are., In parallel line deve]opment you will use the square.to

construct 1ines.that are parallel 'to each other as well as perpengicular to_the

base. This procedure is f1lustrated in. fig 4-33, Just clamp thgw raightedge .

firmly to the base 1ine, slide the body of the square along the straightédge. and )

draw perpendicu]ar 11nes through the desired points , . ; ( -
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< . Fig4-33. Drawing.parallel perpendicular lines. ) N
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- (3) Combination square and protractor. the combinationisquage can be used to draw a .
. * simiTar sel of Tines as shown In figure 4-34. An edge of the mejal upon which you
are working is used as the base line. in both cnsgai One edge the head of the
‘ \!-a{ combination square is 900 an® the other is 450, "With the squapd you can
. construct 450 and 900 angles, but how about lines at angles er than 450
and 9007 The protractor is the tool you need. Mark the vertkx of the angle on
your base line with a prick punch (fig 4-35). +Jhe vertex the termination or
(v intersection of lines. set the vertex of your protr n the mark en

e
4 ~

(4) Dividers.

Y

(5)

scribe a small V at the desired angle. “Scribe a line from the V rk “to“the

verte k and you have constructed an angle. When you locate #-point and mark
it rick punch, use very 1ight taps with a small ballpeen hammer.. The

~ N smalier the mark you make, the more accurate that nfark@ec'omes. R T

x

=
»
v
-
'J,g.iiﬂ. Using combinatio&n sduabre.'

F
’ )
L - .
5

Fig 4-35. Angle construction with protractor.

4

You will use dividers to scribe arcs and circles, to transfer measure-
MEnts from a scale to your layout, and to transfer measurements from one gart of
the layout to another. Careful setting of the dividers is of prime impor

When you transfer a measurement from a scale to the work, set one point-
dividers on the mark, adjust the other leg to the desiré&d length, and t
lock 'schew seturely., To scribe an*'arc, dF a circle, grasp the dividers \between

"the fingers. and thumb, place the point of one leg on the center and, exerting _
enough pressure to hold th&goint on center, slightly incline the dividers in the

direction in which they ar®be'ing rotated, and swing the arc. .

Tﬁeré will be times' when you‘ will have to constnki’circ]es or

Trammel points. i
. arcs 2%mr‘gerI than the dividers are capable of making.” This is when you will use

the trammel. To adjust.the trammel points, you set the left leg on the mark,
slide.the right leg along the beam, and tighten the thumbscrew. The arc or circle
is then scribed in the same manner as with the dividers. . :

4-19 -
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uts.’ A.stretchout is a pattern.on a flat sheet which has not been formed.

3 d'b};t to the correct shape and size, it may be formed into a _
obﬁNﬁg 4-36). When jobs are laid out, allowances for edges and seams must
here are many different ways to lay out patterns on flat sheet metal. Here we o

b. Simple
If a f1at sHee
3-dimension
be added.
will disd@s
previousty mentioned. - L4

-

" P S
Fig 4-36. Forming square and cylindrical shapQ§ from flat patterns.
. ~ . . - N . ‘ ’
< (1) Geomet¥ic construction. v R S o
v (a) Erecting. a.perpendicular d\b"Qectinj a line. _ . / :
] This 1s no Ericg at aTll 1$ you have a true = - .
steel square, But suppose you have on square _j‘@

and you still ' need a right angle for your lay- | .
out. Break out your dividers, a straightedge, - :

-

labeled AB in figure 4-37. Set your dividers A —6
for a distance greater than 1/2 AB, then with A . < '
as the center, scribe arcs at C and D. Then ~ - ' .
> without changing the setting on your dividers - /"’< IR

. and using B as a centet, scribe another pair of _ >

arcs at C and D. Draw a line through the points -

r, ., ’ A ¢

‘o

3

o ‘
W . . _
where .the arcs intersect,and you wil) have erected prependicul
forming fohhb90° angles. Yoy will aﬁsp,p@ve,bisected 1ine AB

parts,

ATl . Yy
(b) Construction of‘va 900 angle with dividers./ ,
Constructing a ri; angle at a given point ° ‘..
with a pair of iders is something you will
find quite useful ,in making Tayouts. Figure . / ~
4-38 1llustrates a method foy constructing a’ :
right angle at a given point. Suppose you.
have line XY with A as a point at which you -<(
need to construct a right.angle. Select a .
. point within the proposed angle that Yyou wish-
to construct. In figure 4-38, that point is
C. -Set your dividers equal to CA, and using
that as a radius, swing an arc BAD with C as 3
the center. Lay a straightedge along the
points D and C and draw a line which will
intersect the arc at 8. Now j;aw a line "
connecting points A and®*D and you have
constructed a 900 angle. This method A;; be
used for consfructing cornerd in a stretchout
for square or rectangular objects. -

Apy—

e

. Pig 4-38. C&nstruct1ng a 900
) 4 . angle at a give point.

“ . ‘ " Fig 4-37. Bise tinﬂa 1ne. °

some of the methods that you may use in most metalworking layouts using the tools P

and a.scriber. Draw a base line -1ike the one ' . ' il’
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(c) Bisecting an angle (fig 4-39). Another : ’ ' ,
c0nsfruc€ion tRAt you should be familiar with . LV,
g is bisecting an angle. Referring to the : .
11lustration we find the angle ABC is'given, s
With B as the center, draw an arc cutting the
. sides g#wthe angle at D and E: With D and E
& centers, set your dividers with a radius
greater than half of arc DE and draw arcs
intersecting at F. A line drawn from B
through the point at F bisects the angle ABC.
i ) - . In a1l probability you will have a protractor
to lay out angles, but just in case you don't
have a square or protractor, it's a good idea
to know how to construct angles of various

W

, si%es.
Fig 4-39. Bisecting an angle.
\? A - . [y
: (2) Cylindrical layout (fig 3-40). The stretchout
{ - ) of a cylindrical object will be rectangular in .

shape. One dimeqSion of the layout will be the

circunference of the cylinder. When you are

given dimensions for a cylindrical job, you
“{*' will be given the diametér of the finished pro-

- duct rather than the circumference. This you :
will have to find out for yourself. There are N\ -
two ways for you to do this, by computation or

A by using a circumference rule. Remember that : N
¢ \ ST the circumference of any circle s 3.1416 (7) - >~ .

' . times the dfameter (C=7D). By using this A"
formula 'you can find the length of the stretch-
out of any cylinder. The length of the desired

. cylinder .is your other dimension. Another _f
. method {s by the use of the circumference rule STRETCH OUT L
" 7 (fig 3-41). The upper edge of the rule is J_
graduated in inches in the same manner as your
J regular scale, but the lower edge is graduated —— 70—y
» in circunference inches.  That is, no matter
' what diameter 1n inches you select on the upper Fig 4-40, Stretchout of a .
. edge, the reading directly below that is é?lle Gylinder. - .
/- . . times the top reading. : ! s -

PR X

' Mjmﬁhslmﬂmlx.ﬂm’lm bk

A Fig 4-41. Circumference rule,

, | _ s

“

Notice in figure 4-1 that the reading directly below the 3 1/2-1n. mark¢is just a

shade over 11 inches. This reading would be the length.of the stretchout of a

: ) cy]inderNQf that diameter. A variation of the cylindrical job that you may run
) into is a flat-sided figure with round ends (fig 4-42). To figure the stretchout
for this shape, find the circumference of a complete circle that would be formed
by the two curved ends of the shape. Then add twice the length of the straight
part, W In figure 3-42, Use the following formula for figuring your unknown
dimensions: Stretchout =2 D + 2W. The symbol 77 is always 3.1416. Here is an
example: Let D =5 and W = 6. Now, 3.1416 x 5+ 2 x 6 = 27.7080, or about 27 3/4
inches. So one side of your stretchout would be 27 3/4 inches and the other, of

- course, would be the length of the cylinder.

)4 | ,




(3) Pattern development. Before we progress to - «\ '

A

(4) Parallel, radial line pattern deve . If the only work you would be called

l*Roll LRolle - T

Stratch Out

‘A

4
fe————— T 2w ————f

‘ Fig 4-42, Cylindrical variation.

other methods of Taying out patterns, let us
lay out a simple drip pan 6f the type that may
be found in any shop using some of the methods
that we have covered up until now. First you
will need dividers, a straightedge, and a ‘

sheet of paper. For this exercise you -can

form your own dimensions: the length, width,

and hefght of the pan. Draw a base line (1ine 'r
2

AB, fig 4-43). Select a pofnt on this line
for one corner of your layout. Erect a
perpendicular through this point to form a
900 angle. Now, measure off the required A
length of the pan and erect another 900 = T
perpendicular 1ine. You now have three sides R
of your layout. Using the required width of Y “}\
your pan for the other dimension, connect the t- ' }
two perpendiculars that you have erected.
Now, set your dividers for marking off the
depth of the pan. Using each corner for a
center, swing an arc as shown in the +— g
i1lustration. Extend the end and side 1ines . R )

as shown in the last step of Figure 4-43, and ]
complete the stretchout by connecting the arcs
with the straightedge and/szriber.' A1l that
is left to do fs to allow for seams, which
will be discussed later, transfer of the. Ve :

pattern to sheet metal, and.cuttin? it and 2
bending it. You have seen how to lay out a
drip pan-without a steel square by the use of
geometric construction. You bisected a line,
-erected a perpendicular from a given point, - -
and drew parallel lines. You will find that \ — 1/

these and other geometric princigés may be
used to do a lot of layout probl rapidly.

. Fig 4-43. Layout of a drip pan.

on I d consisted of laying out and~fabricating drip pans, hoxes, and straight.
sections ogcyHndricﬂ and retangular. objects with straight 1ines; your work
would be y since it would consist of nothing but straight-1ine angular
development, plus allowances Yor seams and edges, and visualizing the notch
needed. - But thete may come a time when work will call for elbows and tees which
cannot be laid out with the straight-1ine method. . -

, 4-22. ¥
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(a) Parallel 1ine. This development is based on the fact that a 1ine parall
another ‘Tine 1s an equal distance from that 1ine at all points. The main
1ines of a structure to he laid out hy parallel line development are parallel 3
to each other. Objects having opposite 1ines parallel to each other, or which '
have the same cross-sectional shape throughout their length, are developed by
this method. In {)Mg this, there ‘re/ certaio(brocedur‘es that must be TS

fol lowed ' .

First draw a pTan and elevation of desired ohject in which the paraHel
Hnes are* shown 1n thelir true lengths.

¢ _ .
- Visualize the pattern from a right view of the object in which the miter .
or 1ines of intersection are shown (fig 4-44A). . :
v Draw a stretchout at right angles to the parallel lines of the objgct, (/ 8
: upon v)uhich 1s placed each space con ined in_the sectiondor plan view (fig
, T 4-448 , K.
’ / /Y . Draw measuring 1ines at right ang] s to the stretchout 1in&s of the
p ' pattern.. . .
. N Praw 1ines from the points of.intersection on the m(ter' line (\ig 4- 44(:)
> : ’ and extend these lines to intensect similarly numbered 1ines driwn from '

the stretchout, to show the gutline of thelidevel opment
_ Trace gpline through l\ﬁ)ints thusntg,__‘ined to give the desired pattéh

Hard to understand? A1l righ®y let's consgruct or devl

> step by step a -
layolt of a vent the parallel linedmethod. Sytf a pipe may be used -

: for ventilation of flding. First, construct an ation on the miter ~
1ine similar to the one in figure 4—44A The mi te 1s inclined plane or

slant of the roof 1ine CQ. The elevation is a front view. %ine AB represents &
~ the diameter of the pipe.)\ The distance betwegn 1ine AB and the miter 1ine 1
' the helght of the pipe, which will vary around the circumference of the pipe. v
Find the center of 1ine AR and construct a centerline as shown in figure .
: . A4-44A., Set your dividers for one-half-the distance of 1ine AB. Construct
, 1ine 1-7 parallel to and/just above line AB. Using the point where 1ine 1-7
. 1s intersected hy the e¥evation center-line, swing an arc with the dividers, _
ps completing the half plan as shown in figure 4-44A. Step off the circumference
[ - of your half plan wiéﬂayour dividers into gix equal parts by taking 1/2 the
radius*and starting at point 1 making an fntersecting arc at poynt 2. Thep
p set your dividers at point 2. .Make another - rsegting arc at)point 3 and
contihue-around the circumference of the half plan fmtil 1t is ¢qually diwe‘q
as shownein figure 4-44B. Set your straightedge 3 right anglgs to the
centerline and, using it as a base line, draw 11ngs paralleT to the center-
1ine. These. parallel 1imes mist be drawn from the points where .the arcs
intersected the circumference of the half plan to the miter 1jpe. With ‘your
straightedge, draw 1ine EF Tan extension of line "RB), and*step off twice the
distance you stepped off in the circumférence of the half plan. Draw & line .
GH parallél to EF at a distance equa]'to the, greatest height of the _ -
elevation. Through the points locatéd on the edtended 11ne EF, by stebping -
off with your dividers, connect 1ines Ef and GH by drawing paralle'l 1ines and-
number these lines in proper order as {llustrated (1 to 7 to 1). . You are now
set tp transfer the miter 1ine KDC in the elevation to the elevation to the
stretchout. Yo transfer<the miter 1ine, megely project! the points of :
intersection/o- the miter ldke-numbered 11nds on the stretchout (indicated b .
Tong broken lines). These 1ines are drawn at right angles to. the numbered '
lines and pa!'alle'l to 1ine AB. They are drawn from the point at which they ' . : -
intersect the most distant’ 1ike-numbered 1ine in the stretchout. The pattern y
' is completed by connecting the points of intersection on the stretchout with a
curved 1ine (ingicated by small broken lines in figure 4-44C). Remember, the
oo more care you Wake in drawing your elevation, stepping off the half plan, and
: transferring your measurements, the more atcurate the finished product will be.
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‘4{9 4-84. - Elevation and plap of intersected pipe. . -
. . ’ TR ' ‘“ \

(b) Radial 1ine. This method of pattern development employs .some of the' features . ° A
of the parallel line development that you will racognize -when you have Jaid :
out a frustum of a right cone. -You are familiar-with a cone. A right Cone fis
one which, if set on a flat surface, would stand straight up. The frustum of y

- h\ a cone is that part which remains after the point, or top of the cohe is ‘ .

« .removed. To develdp a-pattern for the frustum of a cone, let's proceed on a, .

. step-by-step basis referring to figure 4-45. ! . A

[}

o

' - ) i \ b * i
Draw a side view of the cone, using such dimensions as the job may —
require. Letter the vertex A and the base BC. At point D, and parallel
to 1ine B8C, draw a line that cuts the top of the cone. That portion below

-
po—

)

this 1ine is the frustum. :
2 Draw the half plan beneath the base of the frustum. Step it off into an

equal number of spaces and nthber as 1Llustrated. g - . -
3 Set your div{ders the length of the conq\a]oh@ lite AC and, using the *

vertex A, swing an arc equal to EPQ length of the circumference of the

bo?om of the cone (C =W,Q. ’ % : )
4 " Se your dividers equal to the distance of the step-offs oh your half plah’

) ' ™ . and step off twice as many spaces as there are in the half plan. Number.
' them 1 to 7 to 1. .

Draw lines conﬁecting-A with point 1 at each end of,the s;retchouf.

6 Now with A for a center, set your dividers along 1ine AC-td'the.length;of
AD. Scribe an arc through both lines drawn from A to.1, .The area - _
enclosed between the large and small arcs and the 1ine numbered l‘islﬁne L
pattern. for the ?ruktum of a cone. Add allowances for seams and edgivih

and your stretchout is complete. . :

£ IS

a
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er W + Fig ;:Egk\\?ad1al develq?meﬁf of a frustum of a.right cone. ’
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(5) Edges, seams, "and notches.- Thus .far your practice jobs have been laid out to be &
formed with the edges Teft as they are. Very few jobs in the shop will actually F
be fabricated fn this manner. Edges are formed to improve the appearance of the

work, strengthen the piece, or to eliminate the raw &dge. These edges may be

formed from. the metal itself, by inserting wire, -or by ‘attaching a band or angle

N iron, .. The kind of edge that you wjll use on-any job will he determined by the

P . gpurpose, size, and/or strength of ®he edge® feeded.

" (a) Edges (fig 4-46). -The single-hem edge can be made of any width. In general,
J e heayier the metal,.the wider the hem.. The allowance for the Hem is edual
to its width (W in the illustration). Thé double-hem edge is used 1f
additional strength is Pequired or {f-a smooth edge is desired inside as well
I - as outside. The hem.allowancé is doyble the width of the . A wired edge -0
Ty will often be specified.in the plans. - Objects such as tce cu trays,

. funnels, and water buckets are:manufactured with wire edges to strengthen and "

. stiffen them and. to eliminate sharp edges. The allowance for a wired edge is :
.- - 21/Z7times the dfameter of the wire being used. 4 | |

4
K4

W ’.‘ .

g

" Single-hem . Double-hem .’

) - Wired edge : |
. o , LN

, o . . Fig.4-46. Typqs.pf edées. _ lj S
; . T 1 64, PR - I. X
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(b) Sheet-metéirseaps; ' )

B .. &

!

imo

e

- . A\ .-
Lap seams (fig 4-47). During the instruction on laying out a drippan, it
was mentioned to allow for tabs for seaming with rivets. This method of
joining sheet-metal is known as Pap seaming. Lap seams may he plain,
offset, ar corner lap. These seams may be joined by drilling and -

riveting, soldering, or.a combination of bothy  To fiGure the p1lowance

for seams that you plan on riveting, you mugt Kndw the dismeter of Mhe

rivet to be uséd. The center of the rivet rustibe set in.from the edge a
distante 2 times its diameter. Ydur allowance for the seam, then, must be U T
A :times the diameter of the rivet to he used ¥1gur654-47 i1lustrates lap
seams and plain .Yap and corner lap layouts fdr seaming with rivets.. On - - .
the corner,lap, allow an additional 1/16 1n.v{?r clearance’. The "d"
represents the diameter of-the rivet. ’ . St L .

~ N
’ . . -

P PLAIN LAP OFFSET LAP ~ CORNER

CLEARANCE

Fig 4-47. Llap seams and riveting 15yoﬁt. L y _5

Grooved seams (fig 4-48). Thése are useful in construction of cylindrical - ‘A
objects. [TRe two types. are. the inside'groove and the outside groove. The -

- allowance for a“grooved'seam is 3 times the width .(W in. fig 4-48) of the
lock, one-half of this amount being added to each edge. * For example, if
you have a 1/4-in. grooved seam on completion of the seam, then you must

allow 3 times thiz amoynt €3 x 1/4 = 3/4 in.) for the total allowance of

[}

< material needed to complete the seam. The amount of material that.-you add S

~

3 -Pitisbu%jh lock seam (fig 4-49), This 1s a véry uséful” corner seam vhic

to each end of the sheet metal for this seam is 1/2 of the total amount,
or -3/4 x 1/2 = 3/8 in. : ' g A :

El%

Fig 4-48. Groovéa séakf.‘ - L :S ' SRR

3 . o 3

3

Ts used to advantage in the .fabrication of rectangular ventilation 11q93{5)
elbows, and boxes. At first glance, the seam appears to be rather.
complicated, but 1ike lap and grgoved seams, Tt consists of only two
pieces. The two parts-are the flanged or single edge and:'the pocket that .
forms the lock. The°pocket is formed; the- flanged edge is, inserted fnto - o
the pocket, and the projected edge is tyrned over- the inserted flanged .~ . - ¥
edge. ~The allowance for the pocket is'W + "¢ 3/16 inch." The flanged . . -
édge must-be less than W.- For example; if you are laying out a 1/4-1n, .
Pittsblirgh lock, your total allowance should be 1/4 .+ 1/4 + 3/167 or 11/16

h LT
e

. ih. for the pocket-edge and 3/16 in. for the flanged. edge.
. M NEAG
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. (c) Notch constritfiion (fig 4-50), Notching is the last, but not the least,

. . * . important *$tép~to copsidered when sou are getting ready.to lay out a _
. " .. project. Before you can mark a notch, you will have to lay-out a pattern #d

add the seams, 1aps, or stiffening edges. If the patterns aren't properly . :

notched, you will have trouble when you start formingﬁoassembling,,and : -

-

> finishing the job. No rule for selecting the, proper-dotch for the Yob can be *
! - given. But as soon as you get to where you a%n visualize the assembly of the
. T 77 [ project, you won't have any trouble determining what type of notch will be -
. - - needed: If the ndtch is tpo small, .or .not the proper shape, the metal will
bulge and overlap at the séam or edge. -If the notch is too large, a hole will -
appear in the final job. Don't*worry 1f the first notch .you make doesn't look e
wel]l or.come out #s you would ‘1ike it to. This comes with practice and- ’ o
' + experience. One of the first that you will-probably make is. the slant notch.
t It"fs cut at a 450 angle across the corner when a single hem is to meet at a-
~900.angle. .When you are seaming the ends of Boxes, trays, pans, etc., a
o V-notch is used. : Figure 4-50 shows the step-by-step method qof constructing a . . "
T - V-notch. _If; however, you are going to make an inside flange on-an angle less .
* than 900, you will have to construct.a modified V-notchin order to get- '
flush joints. - | fé 1 : . ' , S

- .
v -

s T
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A wire notch is used with a wired kdge. Its depth from the edge of the
pattern will be one wire's diameter mare than the-allowance for the wire edge
(2 1/2 d) oy, in other words, i£ whll be 3 1/2 times the diameter of the
wire. The shape of the notch oo the seam will depend on the type of seam
used, which in figure 4-51 {is 450 for a grooved seam.

L
A 4

X%
x¥

3

Fig 4-51. Wire notch in cylindrical layout.
' ¢

¢. Joining the seams. Not all, but a large mjority of the seams in sheet-metal work
will be Fiveted. Rivets are.available in a variety of sizes and heads. The tinner's rivet
shown in figure 4-52 is the t,%pe that you will most 1ikely come in contact with. .It will. vary -
in size from the 8-oz to the 12-1b rivet. This designatton is the weighy of 1,0Q0 rivets
(1,000 of the smllest size weigh 8 oz). As the weight per 1,000 pivets’ increase, the
diameter and length of the rivets increase. The 8-oz rivet has a¥diameter of 0.089 in. and
s 5/32 in. long, while the 12-1b rivet has a diameter of 0.259 in. and 1s 1/2-in. long. For
special jobs that require fastening several thicknesses of metal together you will use a rivet .
that has an extra long shank, but the same diameter as the rivet you would normally use.
Select the proper rivet size for the gage of metal you intend to fasten. Figure 4-53 will be
of help in selecting the proper rivet. . You will determine rivet spacing from the drawing or
blueprint. If the spacing is not {ndicated, the type of seam will indicate the spacing of the
rivets. A job that has to be watertight will have more rivets per inch than a job that does
not. Whether the spacing is close' together or far apart, be sure that you allow a distance of
2 times the diameter of the rivet from the edge of the sheet when locating the- centerline for
the rivet hole. When you have determined the rivet size and the location of the rivet hole,
your next step will be to mke a hole. You can either dril1 the hole or punch the hole. If
the location of the hole is’ near the edge, the hand punch illustrated in figure 4-54 will
serve to good advantage. Rivets are not, always located ne e edge of the sheet, and you
may have to drill. Whether you punch or drill the hole, reﬁenber that the hole must be
stightly larger than the rivet you have selected. You wid] use a rivet set to draw the two
pleces of metal together and head the rivet. Select two pieces of scrap métal and determine
the correct rivet size from figure 4-53. kay out and punch the holes. !

L ;... 1.

é - : Fig 4-52. Tinner's rivets. a R
' - Size of rivet =~ .
Gage of metal {pounds) .
P R—— ]
.7 WU Q‘ 2 .
7 IR - 21/2
20----=mmmmmm 3. . .
i 1B mmmmmmmmm 302
[ T , 4
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(3)

(4)

- . CORRECT, RINETING

N -

¢
By .
¥ Ftg 4-54. The hand punch.
(l, Select the rivet set having a hole slightly lafger than the rivet diameter. i ’

(2f Insert the rivets in’the holgs and rest the sheets to be joined on a stake or
solid bench top with the riyet heads against the bench top.

lightweight hamme @qp/snall rivets and a heavier hammer for heavier rivets.

R} X -
When the sheets are ‘properly drawn together, remove the set -and strike the end of*
the rivet a blow from the riveting hammer to upset the rivet. Don't strike too
hard a blow, as it will distort the metal around the hole. =

Place the dished portion of the rivet set (the heading die) over the rivet and

form the*head. One orftwo blows-are sufficient to form the head. A correctly
drawn, upset, and headed rivet is illustrated in figure 4-55. Avoid the troubles
in the lower half of the illustration. '

Draw the sheets tqgéther'py placing the deep hole in the r aiizfé;er the rivet
shank and striking the head of the rivet set with a ing h . use a ~

Fig 4-55. Correct and incorrect riveting.

»

-Remember that it is

muster to do a good riveting

metal riveting job. When it

insert rivets in the end hol

Strike the rivets

you cdn use the_ﬂ%llow mandrel stake or otHer suitable bars to

[

1 ORAWN

2 uPSET |
TROUBLES

===,

. 3 HEADED

- moveces |

. 1 RIVET NOT DRAWN

£ SHEETS NOT DRAWN

» S1ip the piece over. the stake, and draw the seam together.

ard enough to upset the rivets enough to hold the seam together.
by riveting from thdg

m.

the center rivet, draw, upset, and head thi$ rivet. -Complete the s

‘cente? out to one end and th
rivet.

o
AP N

)
R

en tp the other. end.

corivan

]
RIVET FrOAMas

SND RiveT uepg-~

4429

Fig 4-56. RiVEtingga cy]!nqifcal séffiﬁ#.
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hg%ESSary to strike the rivet set with all the power you can
Use just enough force on the hammer- to do™3 good sheet-+«
s necessary to rivet a seam on a cylindrical object (fig 4-56),
usk the rivets.

Complete the job by drawing and heading ea

i
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On the seams
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EXERCISE:
- 1.
2.

s =+ 1nch _ B ‘ | o - .
.a. 1/8 [ ve. 1720 4 o
b. 1/4 -~ d. 3/4 - R
In making 2 corner 13p seam which is to hiveted, your allowance for clearance
- should ‘be ~ : - _ -
a. 4 times the dian plus 1/16 1nch . N v
b. 2 1/2 times ri iameter. . S
*¢. 4 times rivet diameter. '
d.- 1/2 the 1ap width.
. If a 3/8 in. grooa‘/ed"seam' is specified, :yow -allowance on each-edge v;ould
be ; +inch. ’ _
YQ 38 - . c. b - " ‘ ¢
b. 9/16, » d. 11/8 . L T~
. [ 4 ' .
\\he type of seam used for the construction of a cylinder is a seam. _
S N . } . . . o
a. grodved B . ¢. 'plain lap : o R '
b. P1ttsburgh Tock d. off set lap s ~

. _.»\.\8.

L.

b. 2 - ;1 A d. 3

. _

Answer the following guestions and check your résponses aqainst those Hst

the end of this atudy unit. .. Y
v\r
The ldngest stretchout dimension (seams not 1ncludeq) of a cylindrical ¥ipe 1 1/2
ft. long and 6 in. in ¢iameter w#;l be inches. ) .
a. 4.7 -c. 18.0 Y o
b. 6.0 d. 18.849 ’
The method used ‘to develop a pattern of an intersected pipe is g oL o .
a. parallel line. ) c. radial line, . ° )
b. avular d. geometric. - N «
. The method used to develo‘b a pattern of & cone. is , ' .
parallel line. : c. radial Vine. . .
angul ar. o ~ d. geometric. ) |t

> \/
, S’
are making a wired edge on an, ice cube tray with wire 1/16 in in d1 ter”
must allow ____.in. for the wired edge. & .

4

1/32 " . S Tk 7 | @ I -
1/16 o d. 5/16 | v oL o '
L

The allowance for av)ap seam which is to be r1veted with 1/8 in. rivets

-~

.: With referen/},to the,pocket debth on the Pitt‘sf)urgh lock seam, the width of the

flanged edge must be

- - ‘ g : . , L

a. more.: ~ - ° -vf‘ ‘ c. the same.

h. less. " LT o S twice the pocket depth

” 4 . .? v

W :
Rivets for a lap st¥gm _qre;.set*' rivet diameter from the edge. N
. R S '
a. 11/2 EER M o 2172 \ B ! )

When the single-hem edge’ s 1o meet at a 909 angle, the type of notch used is the
a. slant. c. wire, - .
b. modified "V*. A~ - d. square. .
If the inside flange is- to be constructed on an angle of less -than 900 a ‘
type notch would be used / . . - -
4. slant . ' | BT A .
b. square d. modified “V"
4-30 - 169 -
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13. ‘The depth of the wire notch from the edge of the pattern will he

-~

11/2 tﬂnes the utdth ‘0f the seam.
2 times the width of the seam,
2 1/2 times the diamater of the wire.

Qoo

+

14. The shape of 2 wire Jotch will depend on the

a. type of wire. C Jc. type of seam.
o b. size of wire. . d. size of seam.

15. The tinner's rivet size is designated by the

a.. weight of 1,000 rivets. L
. b. weight of 100 rivets, -

c. diameter of rivet shank.

'd. length of the rivet shank

16. 1In the 1llustrht1on the.figure which shows the correctly drawn and headed rivet

‘S . N

~
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SUMMARY REVIEW ™

In this study unit, you learned to identify the use of’Metalworking Machines and

Special Tools utilized within the Marine Corps.

»

-

. -3 1/2 times the diameter of the wire. i TN

i

%

R 3

A



Work Unit A-1.
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Answers to Study Unit #3 Exercises- -~ .- - S o o : L A
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Work Unit 4-2. . Ce A o _
. . ' o e .,
1. d. - N
2. a, -~ . . . .
o 3. b. ’ _ ,
4. c. * .
50 C. * ) ’
6. a. snips ' - .
-~ . b, riveting tools . ,
c¢. striking tools ' : o ﬂ A R
. d. Tlayout tools, _ i o g ' - - . \
Work ﬂnjt 4-3. . o ‘ : S | | ) ) . 3 . ) .
5 o L L S ’._-.~“  ’ ~
, 1. d. 9. a. o DR
2. A. 10. bo o : : : ’ . .
3. b. 11, d. PN ye AL
4, c. 12. «c. N .
5. d., 13, ‘¢, Rt ne 3
6. a. 14. b, ERERTOE ; .
A 7. ¢, 15, b L e
8. c. 16 ‘a- s']_‘mé\"gu_..formi fokfer e
. ‘b, -Rotary. Ile:.-pot.hroat bend1ng -
. ¢, “Cornice - crimping. R .
o> dy '-Box and/;;an .—'_;Se,ttjng ‘down o .
Work Unit 4-4.. A "'.;-,': t v '_ ) i . *
. L I" XL L L . )
. 1. d A TP (74 (D * - ,
2. a 6. a.. _A0JLBL0 o 1AL “ *
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. ™ ’ STUDY UNIT 5
-~ - EQUIPMENT REPAIR

STUDY UNIT OBJECTIVES: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT YOU WILL
IDENTIFY THE TOOLS AND PROCEDURES. FOR REPAIRING FRAMES AND BODY METALS.

-

General

A1l of the materials used in the manufagture of engineer/ordnance equipment,. as well
as the assembled equipment, are thoroughly tested before being issued for field use.
Therefore, most of the damage and failures of this equipnent will be due‘to accidents,
overloading. or unusadl shocks which the equipment was not designed to withstand. It is the <
chass of repair work that you, the metalwprker and welder, will. be doing most frequently.
Before repairing any damaged equipment, 1t rnust be deternined whether or not the naterials can
be satisfactorily welded or must be repaired in some other way. This -¢an bg .dectided by giving
consideration to the determinations 1isted below ’

Determine the nature and extent of the damage and the amount pf‘§&raighteniﬁg and.

fMting of the metal that will be ;equired g
AR ,

Determine the possibility of restoring thé’part to usabie condition without the use of

heat. .

Determine the type of metal used in the danage part and if it was heat-treate‘. what.
method was used to do so. . o ,

o

Determi?\bif the welding heat will distort the shape or in any manner inpalr%;he
physica

roperties of the _part to be repaired. . \\'
Determine what method and materials will be required to naké the repair\ ' !

- i lv J

L]

Work Unit 5-1. METALWORKING TooLS. . ' J .

LIST THE FOUR HANDTOOLS USED IN EQUIPMENT REPAIRS.. . ' . 4
| . . . e o / . .

' epairing sheet-netal seltions, you can generally get by with the min®#iwum number
of tooly. pme of these tools were discpssed in Study Unit 4. “They condisted of stakes,
bars, and hammers. The ones that we are mainly interewted ™n.here are “these that\
40 to restore ‘automotive sheet metal Fuch as doors, hoods, fenders,etc., t heir
shapes Jhese tools are the dolly blocks, hamners, body fites, and disK grinders.

a. Hammers (fig -1. The hammer that you will be using are by far the most tmportant

“tools for rest®ing sheet metal to its original shape. There ‘are many differept types and
. each is designed for a particdlar operation : " )

Vg

(1) Pick hamner (fig 5-TA). The pick\hammer is tapered to a point on one end and has ,
-, curve to the pick so that, when it is used with the proper wrist action, the ..
v point of the pick will strike the point at which you aim. It is used to raise ,
surfacd whjch are badly dented. In most ipstances, this\hgﬂmgr\?ill be used from "
*!

"~

the underside of tﬂe damaged area.
(2) Bumping hammer (fig 5- IB} This -harmer is the one that,you will probably.use .
~ Mmos e e different variations of this hammer; some have short ghanks (fig
5- IC)*and sdme have the round head serrated (not 1llustrated). - You ij? noticé

that one end of the hammer has 4 square head and the other a round head. The .

short shank version shank versioh 1s used where working space 1s restricted. The*
serrated version is used where roughini out.of badly dented sections is T A
necessary. These harmers are used mostl

(3). Short pick hammer (fig 5-1D). This is ﬂothing more than a shaller variation of
the Tong shank pTck hammer and is of course used where- space 1s restricted. Theng
are other more sophisticated body hammers, but with these four and a rubber and
wooden .mallet you should be.able.to accomplish most of the work necessary to

repair a damaged section of sheet metal. - Cg s
4 : _ g .-

P S

y for roughing out danaged sheet metal. *®
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Fig 5-1. Body hammers.

Metal dollies (fig 5+2). Dolly blocks are used in conjunttion with bumping body

hammers o straighted out "damaged sheet metal. Dolly blocks or hand anvils are available in
several types: Wggl, low crown, toe, general-purpose, heavy-duty, and utility. Each type is
used.for suppdrtiqg damaged sheet metal during straightening operations. _

(1) Low crown. The low crown dolly is used -in areas such as door or hood pahels where
a ﬂ:a¥um or high crown dolly would st{etch: the metal. '

(2) Toe €olly. The toe-dolly (shrinking dolly] 1% used on fTat panels. Its thinness
and leng%h-give it access to narrow pockets. The large flat face is convenient
when shri#¥ing metal. The flat si"k are uded as ag anvil for repairing flanges
on metal. . ' . :

(3) General-purpose. This is a convenient do}ly to hold and has severaﬁghifferent
working Taces ﬁnd‘two beading and flanging 1ips. It is the mast useful of the
dollies since i} has unlimited applications. /¢

(4) Uti?its. Thtis Holly has a high crown with one narrow beading edge. The thick
rounded sides ate used in short-radius curves. The high crown is used where there
is a high crown area such as a fender": ~ :

( .Heav%—dutx. This 1s used where the extra heavier gage gf metai_resists the action
0 t o

e Tighter dollies. .
N

/Té;ﬂ;;el dolly. The heel dollyfis used to ;qqph'into sharp corners.and into an\area

aving a large radius. ¥ //j;/”
< | P g&




c.

Bogx file (fig
operation Is finished.

¢

5-3).

It is also used to cut lead and body fillers.

the file will show up the high and low spots on sheet metal

shrinking can be done.

milled parallel edges.

The body file consists of a file ho

W

o that addi#

nal raising or

er that work$ on the same
principle as the hacksaw frame and a.metal file hlade which has rows of single-cut, curved,
when coupled to the file holder, the blade can be made to assume the

shape and contour of the sheet-metal b

ng worked on by use of the adjusting screw.

As the

‘A body file is used to smooth out the metal after the hammering
Using 1ight strokes on

AN

teeth of the file blade are parallel an® are sharpened so that they can cut in one direction
only, repeated dragging back on the file vhile under pressure only serves to dull th tting
edges of the teeth. Using 11ght forward strokes and raising the file from contact with the:
sheet metal at the end of each stroke will keep the teeth sharp and extend the life of the
f']e b]am- ‘ . .

hY
4

ADJUSTING SCREW

1

W,
1

\LW«‘ ;n.-n-r'- E— ‘ﬁ

N

Fig 5-3.

Body .file and blade.

v

d.

S'anding machinekqnd rasive disks. - ' c
‘ .

1) Dis% sander. The qi% sahder normally used For sheet-metal work is the electric
poftabTe, T15-volt, Neavy-duty disk sander:which is a component of the shop -
efuippent repair set. £t has a right-angle drive arbor and a 7-in. diameter
abrasive disk. It is used to remove pairt and rust, to gripd out high spots, and
to restore the original shape of the sheet metal after it has heen either welded
or filled with body 1ead or body fillers. When using the sander you should always
vear goggles to protect your eyes ern flying partficles of metal, abrasives, and i
dust that are always present. : .

{2) Abrasive disks. Sanding disks come in two classes,_ thé open coat and the closed

) coat. The difference is the manner in which the ahrasive particles are applied to
/ﬁ the backing material. In the open coat disk, the abrasive is applied so” that .

/ there are spaces betweem the particles and the backinyte'rial that are not

completely covered, whereas on the closed coat the backifg material is so
saturated with the gbrasive material that there are ng spaces between particles.
The backing, riat.used is efther paper, cloth, or' a combination of both. The
abrasive material is usually fPNt, garnet, aluminum oxide, emery, or silicon '~
carbide. The material .used to IP1d the abrasive to the backing paper depends on
the purpose for which it if togle used. If the sandpaper is to be used with water.
or for wet sanding, the e is glued to the backing material with a resin
glue. For dry sanding p ses, an animal glue is used. "IThe particles are

: designed by grit size such as 400, 300, 200, o® 210, 310. The higher the number,

' the finer the grit; the lower the number, the coarser the grit.

. . -
v . N H

/- .
EXERCISE:

Answer the following questigns and compare your responses with those listed at the
end of this study unit. - . v

1. Before mking a weélding repair to aQe"quipment, you should
: v F

- _a.!' heat-treat the part. ° o Co J 1'<jentify the type of materi41.
W anrieal the weld area. d.

normaljze the metal. h

o
L4
\ ' ~

L J Yo
2. To-raise the surface of'a hadl you would use a .

ted door panel,
a. rubber mllet. ‘ humping hody hammer.

b. pick hammer. vd.  low crown dolly.

'

r
b

B y o ‘.
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/ 3. The dolly which has unlimited applications is the
a. utility. . c. heer: . ’
- b. Tow crown. d. general purpose.

List the four types of hand tools used in repairing body damage .

4.
f a. . _ c. . .
b. ] d. f '

5 .

N/ - AUTOMOTIVE EQUIPMENT

~

a. Welding automotive equipment. .

(1) General. Marine Corps automotive equipment, ‘such as tanks, trucks, tractors, and
other vehjcles, is constructed from a large number of metals that are processed
under various heat-treatments. The metals used include copper alloys, carbon and .
alloy steels, titanium, aluminum, magnesium, lead, etc. The principle joining
. processes that may be used are gas and electric-arc welding, brazing, and .
’ soldertng. The use of welding equipment and the application of wel d‘ng, process to
- di fferent metals have been covered previously-and a thorough working knowledge of
these processes is a necessity before a welding procedure for any given Job can be
selected. When“1t has been decided by competent personnel that the repair can.be
made by welding, the factors 1isted below should be considered:

The proper size and type of electrode,'to¥ether with the current settings-and"-
polarity, must be determined 1f an arc-welding process is used. -If a gas-

viel "process is used, the proper type of weldipg rod, the correct gas
pressure, tip size, flux, and flame adjustment must be determined.

n preparing edges of plates or parts to be wélded, the proper cleaning of the
arts- to be joined should be considered. The need for backup strips,~quench
plates, tack welding, and preheating must be determined. :

: S : - i
. Reducing warping and internal stresses requires the use of proper sequence for
s welding, control and proper distribution of the welding heat, spacing of the
parts to permit some movement, control of the size and Jocation of the -
deposited weld metal beads, and proper cooling procedures: -

(2) Welding cast iron, cast steel, carbon steel, and forgings. In general, parts
~ composed of these metals can be repalred by the same procedure as that usdé for
their assepbly, or by brazing. For instance, cast iron and cast steel may be’

) r repaired lfy gas welding, arc weldiny, or by brazing. Parts or sections made of
carbon steel originally assembled in the factory by spot, projection, or flash
welding, may be repaired by gas or arc welding or by brazing. This 1s also true
of forgings : :

(3) Heat-treapfd parts. Certain parts of automotive equipment are heat-treated during
' their(gnﬁlﬂ"acture to enable them to withstand the 'service for which they are o
v intended. Welding of these parts should not be attempted unless the repair shop >
e is equipped with suitable heat-treating/equipment. In some cases, alloy-steels or
© specially heat-treated parts my be re d by using stainless steel filler '
metal. When this is done, a heat-affected zone that is weaker than the original
~ heat-treated part will remain in the vicinity of.the welded joint. Where 1t is
) « possible to heat-treat parts after welding, they should he first annealed. Filler
metal of the same composition of properties/ as the hase metal should be used and
the parts should be heat-treated after ding. : : - -

(4) Welding truck components. . T .

most frequently repaired by welding-is the frame.
Truck frames are 1 1y made of heat-treated alloy. steel and are subjected-to
high bénding, | 13 or-twisting, and impact loads.” A commonly used method™"
for repairing ‘and strengthening a’broken or weakened frame is with reinforcing
plates as shown'in figure 5-4. The type of reinforcement selected. depends on
the location of the repair and possible inter ference with other elements of.

o the truck. It should be noted that the ends of the reinforcing plates are not

(a) Fran'eé. The truck

, o welded, because wekdd across the ends of the plates will produce heat-affected
: areas of decreased strength Acrgss the back andlegs of she channel. Al :
. interfering welds and othey’ protrusion shou1§l be groun ush before
5-4 = w0
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reinforcing plates are applied. These reinforcing plates should be )

. approximately the.same thickness as the frame elemegnt and the width should be
3 suf}?cient to bring the weld flush with the top and bottom sections of the

' " channel. The procedure outlined for reinforcing channels'should be followed

- when reinforcing plates are added to angles, trees, box sections, or I-beams. .

7 The arc-welding method is used to weld truck frames. : .
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'Fig 5-4. Reinforcing truck framesTf'l
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(1) Front axles. The front axles of standard aitomot¥ve equipment are mqﬁé”of heat-
- treated alToy drop forgings. Repairs by welding $hould not be make on these axle§/>
, except in an extreme emergency and then only as aftemporary measure. ’ /

/

(c) Rear axle housings. These are of welded pressed steel construction of -great!
strength and simpTicity of design. The pressed steel and cast-steel ‘housing’
can be satisfactorily welded by the arc method. .Some of the older types of
- axle housings are madd from malleable iron; housings of this -type can be .o
:"’)////// s repaired by brazing. Castings should ‘be kept clean and cool to prevent any. - N
effect on the heat-treatment or annealing in the vicinity of the weld. S0

(d) Drive shafts. Orive shafts are usually made out of medium-carbon seaﬁless
tubing and are readily welded by efither the electric-arc or gas-welding method. -

(ePRadiators. deiators can be repaired 'with an oxyacetylene torch with a proper'
. t1p, common 50-50 solder, and a flux. The flame should be adjusted to give a ,
; ~ "] highly carburizing mixture. The ared¥ around the leaks in the copper tubes
T : ' should be thoroughly, cleaned, pg;{erably“with a 5% solution of hydrochloric :
. acid, and. tinned before the joi is made’ in order to assure a tight joint.’ ‘ &
. Where a leak is present at joints pbetween copper and cast iroh, the surface’ '
A should be pickled before the repair is made. This is done by applying a 5%
¥ hydrochloric -acid solution to the iron at, the joint and heating until the iron
: , is” thoroughly cleaned. This treatment removes surface oxides, scale, and .
other impurities and makes the tron capable of being tinned as readily as the:
-copper. : . '
LU ) 4

)

1] - ‘ l I 5-5 'L




b. Tractor repairs. Except for the frames and suspensions, the constructjon f the
*tractors 1s about the same as for commercial trucks. The metal used for crankcase 10usind§;
‘transmission, diff¥rentials, main frames, and track frames can be repaired by the electriciarc
‘or the gas-welding method. The rollers and idlers can be built up with hard-surface alloys to
extend their 1ife usage. The cutting edges on the blades can also be hard-surfaced to prelong
the 1ife of cutting edges. . ' ST -

N

%

c. Welding artillery equipment. When welding artillery equipment, the low- and medium-
. carbon sTeels can be satisfactorily welded with mild steel electrodes or welding rods and, -
v where it is necessary, severely damaged sections can be strengthened\yith suitable reinforcing
: plates. Trails that have been bent out of shape and cracked should first be straightened by
the careful -application of heat. The cracks should be welded and ground flush before -
reinforcing plates are applied. The reinforcing plates should be thick enough to provide the
necessary strength without making the structure too stiff. Only the seams running along the
length of the trail should be welded on all reinforcing plates; the ends of the plates are
left unwelded. Welding the ends would simply transfer to the welded ends of the reinforcing
plates the condittons existing in the welded joint before the .reinforcing was added. This
' would result in weakness at this section and would defeat the purpose of the reinforcing
plate. Trails constructed of structural nickel alloy steels are designed for lightness and
\ are specially treated for maximum strength. Welding steels of .this nature presents a more
difficult problem. The top carriages or cradles should not b /welded. Other structyal - L
members can be welded when approved by the proper authorities®” Field repairs can be 'lade by .
b proper préheating; welding with a nickel alloy, 25-20 stainless steels, or modified 18-8
stainless~-steel electrodes; “and finally, by slow cooling and uniform stress-relieving
heat-treatmefit where possible. For.many applications, welds can be made with these stainiless-
steel electrodes without preheating. -

d. Tank repairs. Armor plate is used for the protection of personnel and equipment in
tankg, self-propelled guns, and other combat vehicles. Industrif] manufacture of gun turrets
.and combat tank hulls includes designs using-l-piece castings ‘and welded assemblies of cast
sections and rolled plates which are selectively heat-treatgd to develop desired properties.
In certain cases, cast sections using the l-piece design are bolted in place to facilitate the
requirements of maintenance through unit replacement. Armor plate is an air-hardened alloy
steel, which means that it will harden by normalizing or heatjng to™{ts upper critical point - S
— ind <ooling in still air. The extremely high temperatures that occ;j\Tn\Phe area of the ' C ’
’ welded joint will cause a narrow-zope on each side of the weld deposit to form a-hard and
brittle zone. [t is in this zone that cracks are more likely to appear as a result of the
sudden applicatton of loads. For this reason, special precautions must be taken in the
. welding operations to minimize the formation®f these hard zones and to limit their effect.on
the structura] properties of the weIdgd armor. . In order to prevent th& formation of cracks in
these hard zones, care must be taken to prevent rapid cooling after welding. The two types of
\- armor .plate used in combat vehicles are face-hardened (rolled) and homogeneous (cast or
rolled). It is necessary, before any weldin operations are performed, that the"armor be
specifically identified, as-there are different welding procedures for the two different, types
"of metals. Homogeneous armor is heat-treated throughout its entire thickness to develop good
Xshock or impact resistance. It is uniform in hardness, -composition, and structure and can be .
welded from either side. Face-hardened armér plate, as its name implies, has an extremely )
hard surface ayer obtained by carburizigg, which extends to a depth of 1/5 to 1/4 of the
- outward facing .thickness of tRe plate. - The primary purpose of .this is to provide gooq
resistance to penetrationy The inner side is comparatively soft and has properties similar to
those of homogeneous steel. Face-hardened steel up to thicknesses of 1/2 in. should be welded
frqn the soft side only. The test for identifying the type 8f armor is simple but accurate.
A'file will bite 1nt01§b&%4§1de f the homogeneous steel, whereas it will bite only into the
soft side of.-the face-hardened steel. When appYied to the hardened side, the file will slip r
and not.sbite into the metal. -The most satisfactory method for repair of hoiff¥geneous and face- :
hardened steel-is electric-drc welding-with stainless-steel electrodes. The oxyacetylene -
process requires heating of a large section of the bas tal on either side 6f the prepared .
joint in order to maintain a welding puddle of sufficient\size at- the joint. This heating o
destroys the heat-treatment imparted to the armor, plate thys causing large areas to become
structurally weak. In"addition, ;this procedure is slow and produces considerable warpage in,
the welded sections. Electrodes/containing 18% chromium and 8% nickel in the core wire and .
. small percentages of either ‘manganese or mot#bdenum, or both; added-in the-electrode coating, . .-, N
o produce good results. These electrodes are recommended. #dr welding all types of armor -pldte « "% L . omT
. by the electric-arc process without preheating or postheating the structure to be welded. . .
They’ﬁbould be all-welding position type. - These ®lectrodes are kneWn.as manganese modified -~ - -
18-8 Stairtléss-steel electrodes. ” The récommended welding current séttings:shown below are for ..° - i ..
. the direct-current, reverse-polarity, all-posit{onﬂ;heavy-coated modified 18-8;stqjh4§$s-§tén’ ’ .o
« @lectrodes. 'The exact current settings will be governed by the joint design.and posit+- ' -
welding. . - ! ’ :
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is the ngcessary tools and the required skills, In cases where sévére body damage exists, it
,f may be mggg economical and. expedient to’ replace’ the.part rather than repair it. xTo help you
dec1de wh

S ' b. provide stronger construction. d. "provide resistance to penetration.

h . '

"Electrode diam (in:) Current range (amps)
.8 ' 90 to 100
. 5/32 10 to 130 )
. 3/l69 : N - 150 to.180 ‘}
. . , . . ° * \ '\b
EXERCISE:  Answer the following questions and compare ybur responses against those Tsted at
) the end of this study unit. . .

\

1. The repairs that can be made in the field without heat treating by\Gn'acetylene is

“

a. cracked” transmission h0using
b. broken diesel .engine connecting rod. _ . .
‘c. broken truck transmission gear. . . . oo
~d. broken leaf spring ' '
2. In the diagram below, the reinforcement plate should be welded at .',‘ g
. - . WELDED TRICK FrAML o
_ . _ .o ..’///’ | | . ‘
o ‘ . v - ‘ . @ A ) -
A, lad2. ' i —@
b. 2andd4,  -(Q ; .
c. 3 and 4, © '
d. 1, 2,73, and 4, @ - -
3. The riethod you should use to repair a radiator core s ST
- < X
a. soldering c. fusion welding. _
b. brazing., ©od. arc- welding. , I
A, - The method, if anly, to weld the cradle of an artillery piece is
a..‘ soldering i o G. brazing : -
b. *electric arc. d. . none recommended 3 ' . '
N ° VL . -
5. Thé primary purpose of fJLe hardened armor iIs to ' . . e
a. resist cqrrosion. ©+"  c. make welding eas fer. a _ N

. v

3

Work Unit 5-3. REPATRING BODY DAMAGE . . Co ‘
LIST THE FOUR PROCEDYRES “FOR" REPAIRING BODY DAMAGE: - ° . .,

v ~ Body repairs include straightening of body panels, replacing body parts, and
repainting. Since the Marine Corps areas of operations are.usually Jocated where severe )

climate conditions exist, such as near salt water or in sandy, hot areas, vehicles” atte subjeat
to intense deterioration. POr example, salt water will'rapidigarust body panets. Mueh of our
equipment sooner or later will find its way aboard ships-for o rseas deployment: and, as 2 o
result of this, salt-watér corrosfon and shipping damages are also”prevalent. Anothen great .
cause of body damage is[ of course, accidents. Allrthat is required, to repair a damaged part .

this is-the case,: sorme of .the. follOWing questions should be answered§
Urgency of the jobl will it take longen to repair a'badly~damaged section,than it
will. to replace it?

' ] , ’ ’ -
- h

What i$ the availability &f repair. parts? ° vt : PN . X
Nhat is the avaiiability of the. men an!

Ef%qu1pment to do the repair job? _g:". _ i:lf

) The Speed and eaSe with which\repairs are made ‘to damaged areas depends on. starting the job

correctly. When a collision occurs, “there will always be a major depression in the panel
follded by a buck™ed area and’then by a.series of ridges. The correct ?rocedure .to repair © .
this damage s td reverse the order in which the damage dccurred, To help you uhderstand this

. procedure, refer to fijure 5-5 and the ﬁpilowing discussion. Assume that the original form of

' : R ;' . 5-7



* the panel in th

.be rémoved with a dolly block apd hammer.

" repainting the damaged area,

_hammer, As the blow is stfuck, the dolly rebounds slightly from the paneT,

“in positioh for the next-bl

. . ) v - . . ~
i . . i . - N
.. . - 4 1. ok
= N . ¢4l
. . . -
. « . - .
«

o s ) . v . ) ,

Lo

str 1on is the solid line designated 1, The depression formed as a )

ion is broken Tineé 2, This 1s where the panel was struck, and Ahe ridge '
urn this pdpel to its original shape and ‘contour, the work, or course, must :

t is, the r e (3) must e whére the work sterts. By hammering at the area

result of a coll:

formed 3. To r
. be revers
indicated hyW, this ridge wﬂ *be forced dovgx and ryou will find as it is- removed, the major

depress ion 2) will also spring back close, to its original contour. The renwzdning dents can
Sgledt a dolly block with the same general shape or
block under the panel and strike the high points of the
ampé€r blows, as heavier blows tend to stretch .the
&ppear to ‘be gone. Use a body file across the : .

cugwature ds, the panel Hold t
dents with the haminer. . Always us
metal. Continue’to.do this until

‘surface and take Tight cuts. - These will show you.the high and Tow spots. The spots that take
the heayiest cuts stilT~need more dolly and hammer work. -The 1ight high spots that cQo be ,
removed with do,]ly and hammer can usaal]y be removed with the disk 'sander. _ ’ [
! . .& _ _ : . - ) SR
7 ‘ . _ ‘ . . . .
0% , ) P
- 'r ' .\ -
: '
» . . 5 : = : - ' L
o ' _ Fig 5-5. Removing dent from demaged panel.
S p) - ) . e - . ,. v &

. BN . .

a. Bum?ng‘ and dinging.' Bumping is the restoration of damaged areas without .regard to S i
‘the finished pa surfaces. Dingling,: on the other hand, -is remoydl of dent$ without - .
-damaging the finish so as not to have to re ‘the/ surfaqe. anging is a highly skilled, .
craft requiring years of exper ience _to without marring the finish. of a panel o
For our purpose rarely will there be a ere’ dent wil1 hale to beremoved without "f'“‘ . :
the terms uped here will be synonymous. To use the doTly
e block 1s eld against one side of the panel (usually th Y
he other hand,is used-to strike the opposite gide with the . : '

but returns -
immediately because of .the pgessure” exer ted by your. hand As the dolly ret ns, it is placed
J of the hanmer:.'. . . t ,ﬁ

5 .\ - .
i -

N ] -
- ! o « ] '

R . i

N . .

PR . /
. . )
.
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blocks with a bumping ha
tnderside) with one hand,

(1) Dingm? on the dollx (fig 5<6) fDingmg on -
e dolTy means a glancing or slapping bJow )
of the body hammer on topwf sheet metal;,
®,ith the dofly block held divectly below the.
; hammer Blow. The result of this pgocess is -
2 that the meta] is iroped smooth between -the
work ing -faces 'of the block-andshamder.” Each
Blow dirigs an area or spot about 3/§ in, in °
- .~ , diameter. . Succeeding.blows. should be struck
) - so that one spot overlaps the previous-‘: -,
“w- ' spot. Ding a roW ef spots across the
. . damaged area, next ding another row adjacent
. ~tb the flrst row, and sp on, until the
‘damaged "area” is covered with “parallel rows
of spots. 7Yhis stretches the metal very
slightly. Th3 Tow crowr hammer face.
striking agatns¢ the do]ly, which closely
. fit$ the-contours of the pane1 minimizes.
. ° the stretphing )
N . ' R 1

¢ . LY T -

. . NN

(2) Djnging off the dolly.. The high €rown facee '
) 84 %ﬁ 5ody hammer 1s used and the Blows® ‘are
~ directed aEainst the r i of the dent. The
& dolly block is held, against the bottom ofe
A thé dent and pressure is exerted to fofce
-0 the dent -out; as ﬂlustraté\n tigure 5- 7. .
, R - t

. ) . " e W
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- mechanical Action whith shrinks, the metal.

" dolly bloek unde

hammer (fig 5-8), The hammer ~

ng Hg is not’a follow through ,

blow syth as ysed when driving nails.~ The o ' -

hame must be held loosely and swiung with a - y ) : ”

“on - wrist action, producing a slapping blow. ‘e ) :

. Figure 5-8 shows the path through which the

. hammer travels. The average number of blows '
per minute 1s 120-1in a regular rhythm.> As o ¢
each succeeding blow is struck, the hammer ' : - -

w rebounds as shpwn. It 4s then 11 fted by .
wrist action to a pdint high enough to start’ v .
the next blow. Then, by a snap of the- ' : P

, wrist, the hamner, descends for the next
* blgw.. At no time is the hammer grisiped _ dJ .
' firmy. The fingers are used to guide and '

control the hammer yt the beginning and at,
the end of the blow. During the downward ~
and wpward path of the hamger head, the epd
the handle move r a $hort-arc and
hand by ‘continued\wrist action follows
eﬂong logsely holding handle and ready
.. to grasp it more. firmy at the end of the

- “ rebound. This operation requires k1117, but s
- can bk acquired with a* 11ttle practice. ,
T , - - S C - Fig 5-8. Using a bumping body
' o I B L . hammer . :
. " o . ‘. .' s [
, . ) oo ’ R ®
g - {.

< b. Shrinking sheet metal (fig 5-9).  When a panel has been damaged so -that it 1s
pefmanentTy sfregcﬁea Tt will ter3it is restored to shape; he too-high in the stretched

« It cannot be dinged down since there is no place for the metal to go. .It Must be
shrmP Shrinking should always be done following the metal humping and before the metal {s
finished. Basically, the: shrinking op'eratipn 1s simply dane by heating a small spot in the-
center of the stretched area and- then upsetting the Stretched metal into_ this heated spot,
making 1t thicker., Shrink a stretched area in sheet metal by using a suitable torch wjth a
small tip. Heat a spot 3/8in. in diain_t%r to a 1ittle past cherry red in” the cenger of the
stretched area (fig 5-9). The heat expands the metal in the entire stretched area vhile the
spot itself rises intp a low peak. Use ¢ to avoid burning-a hole in the metal./ After the
spot turns®cherry red, remove the.torch and strike the spot with a hard hlow from- the bumping
hody hammer tp drive the spot down. The hammer hlow Upsets the hot metal and is the
The spot will now form a crater instead'of a
peak. Very quickly, hold“a doiiy block up against the bottom of the crater.” At the same
time, tap down the rim of. the crater with the ‘body ‘hammer. This {s simply a "dinging off %he ,
dol]y" operation to smooth the spot to the pvﬁper level before,metal finishing.. The’ ex_pansion
in “the metal durr‘\gnthis operation. Hhen dinging the unset metal 'smooth se a Tow crown
créwn metal, and a high crown:dolly block under’ high crown'metal.- - -
Finally, With ‘a wet, water-.soaked sponge, chill or quench the* area about-6 inches: in diameter L
around the spot gThis chi11igqg-draws the expansion out of ‘the mesal very quickly. Continue .
to shrink additional spots untfl “the contour bf the panei istin proper shape, as determined hy
feeling with' the hand or examining by sight X . _ N

area.

S ‘_'Fig 5- . Shrirking~sheet meta1 N - o
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-
v
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such a manner
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c. [\_p‘pjjj_n&_tv_()_ _Fillers. When body panels have rusted through or have been dented in
that 1t 15 extremely di fficult to remove these dents, the damage can be repaired

hy cutting out ‘the damaged area {in the cage of rusty and welding in a new section of sheet
metal, or by using one of -the maty commercial methods_that have been developed over the
years. The two mpthods®we will discuss are the lead solder method, which is probahly the
oldest method used to vepair damaged bodies, and the E1as§fc bogx filler. The.solder method
lsvery effective when properly used and applied. The plastic ody ﬂller;, the newyest method
and the one usedwmost by bodymen today, is the easier of the two to appXy even by the
inexperienced man, and dq¢s a. véry satisfactory job promed that the manufacturer's
,instructions are followed. Whichever method ts used, the?n*face of th®wsheet metal must

n

uh

first he prepared and cleaned of all foreign materials a
the 'metal surface itself. . h

the paint,must he removed down to

”

.

(1) Lead. This is the most di fficult to apply and takes considerable skill. lead - - ,

solder 1s used extensively for filling small dents amd smoothing rough surfaces
which are difficult to straighten. The only prerequisite for,soldering is to be
certain that the damaged area is thoroughly cleaned so that the tinning of the
surface can he accbmplished. Tinning is necessary to prepare the surface so that
when the so]ﬂer‘-is applied it will.stay. - ) . |

_ - . [} > .
-1st sbep:€ Cleaning. To remove all paints and surface oxides from the damaged

area, use an open-coat 168 aluminum oxjde sanding disk. Sand the aréa until the
metal 1is “clean 'and shining? ' ' A '

2nd Step: Preheating. After you have prepared the surface toq{geive the solder,

usé an oxyacetylene” torch tq prehedt ‘the surface by playing it back and forth over -

. the damaged area., Use an aeid-core solder (this is easier as the flux is
contained in.,the c\mter'oﬁthe, solder) and héat the surface tmtil the solder

_ melts when it cores in contact with the surface. Apply the solder to the surface

- - s . . .

with a rag and smear it over the surface of the- damgei:rea. v -"‘ﬁ,
’ "~ )

¢

. - . ‘_ A\ Ny - - . .
Note concerning building up of damaged:area (the 3rd step). Mow you are ready

- Tor the thirdgs tep,  yhich.-1s to apply solder and buiTd up the damaged area -

s1ightly highdr than the original contour of the panel. To fill .this arv
you can gontinue' to use the roll ‘solder ,or har spl der: The rol]. sol der comes
in different sizes and is obtaimed by the pouhd. The bar or "stick" solder is
obtained by the stick and is identified by numbers.which indicate the amount,
of tin and lead; for.example, 30/7Q indicates scf'l‘ier containing 30% tin and
' 70% ead. The first.numher is Always the percentage. of tim. )
3rd step, 1f using bat so]&*_]. Wthen using bar 1dér to i1l in th"e“ar‘ea'éf -
damage, after you have properly tinned the surw keep the surface hot
“playing the torch over. 1&. “Heat the'Bar of sokder wibth the torch until about 4/4
to 1, inch of it starts to melt and droop, then press thid on the damaged area..
Build the surface up in this manner until you ohtain the desired height. Yoir will
want the solder to be slightly higher than the original contour of th? sheet metal

> +on which you are working.

*

3rd step, 4f using ro]l solder. When building up with the roll'solde?, you keep

-

o

1

The sheet metal just Mot enougy to keep the tinning cofit soft, but not hot enough,.

‘that the tinning coat will mel® and run. °‘Apply.the torch<fo the solder until it

. begins to melt and droop, ‘then quickly press ft on« the metal surface. Build the

surface in .this manner unti! the desired height is reached. z,
. » e

" - 4th step: PﬁddHn‘g. When you have applied enough solder; using either the bar or

rolT method of step 3, go 4o the next step and smooth put the solder and“establish
a contolr cConfotming to that which you are working on.*“This is done by "paddling.

~ The %urface, which is now covered with solder, is kept at a temperature that 1%

"+ just helow the working stage of the solder by using the torch. The, area which you

Pl o

B

* the solder, to a working stage, then’remove it.

< 5th step: Allow to cool. After you have smobthed the area and obtained the .

-are nov going to work ‘on is héated to hring the solder up to a workahle stage and,
viith a solder paddle, you smooth™the solder and shape it .to the desired contour.
You keep the torch on the spot that you ‘are working on only long enough to heat

and run, the whole rebuilding operatgpn.will have to he started.over. The paddle”

“surface should be kept 11ghtly coatdfl with oil-to prevent the sol der‘ﬂ:om,_s‘tjcl‘(‘.'_ihg

to Tt.

3

+

.contour, you alTow the sdlder to cool. o .

e
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If the solder is allowed to melt. s =4
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6th step: Finish with a body file. After the solder is cold, the next step is to
Finish the $nlder area with a body file. Do not use a disk_sander for this
operation, Finish the arga by working the -outside edges first and then workinq
the center unti) the correct contour is obtained.

(2) Plastic body putties. One of the newest and easies\>methods of patching and :

. filling dents s using plastic body putties. These are puttylike substances that
when mixed with a catalyst, which ‘is furnished with the putty, set up a chemical.
action and convert the putty into a hard, plastic finish which can be filed,
sanded, and evén drilled. When sanding with a disk sander, you should wear a
vespirator as the fine particles that emanate from the plastic are harmful to the
Jlings. Since takes only a few minutes ‘for the putty to dry, you should mix
only that- amo which can be used before it hardens. Most puttiesshow a color

. change when mixed with the hardener and this changg-will show you whether or not
the putty 1s mixed thoroughdiy. Mixing is best doffe on a smooth surface, such as a
sheet of gla’s or a piece of metal. After the putty is mixed, it is applied with
a putty knife’or a piece of hard rubber using a "squeegee" action. by wiping the
putty over the area to be repaired. If the dent to be filled is deep, the putty
_should be applied in thin layers to allow each layer to dry sufficiently. If
holés are encountered in the metal, they can be filleg by backing up the putty
with a pigce of ordi een wire This allows the putty to penetrate the
holes in the scheen % kserves as a base for adhesion. The build-up area
shoulli be filled slight her than the original contour to allow for filing and
- sanding. Tf, after fi g and sanding, smal) pits are still present, a “"glazing -

‘putty” can be used to fi11 these small pits (this is also done when filling with
solder). It is wiped on with a putty knife or rubber squeegee. To allow.for

1//5and1ng, this should also be applied to-a slightly higher-than original contour.*

d. F

nished-surfdce preparation. After all body work is completed and all rebuilt areas

are smooth, the next ktep is to prepare the surface for pafnting In cases wherE body work
has be&en perfqrmeq, thesé surfac@s will have t0 be painted with a primer-surfacer. This is
applied with a spray paint gun, and several coats are used to build up the area so that when
itd¥s sanded, no bare metal will be showing. To prepare the surface for paint, go over it
with a No. 320 grit waterproof paper, and wet-sand the surface. Kéep the paper wet by playing
g,«g;er hose over the area bejng samded. This will not only keep the paint from building up
e sandpaper, but will also prolond’the 1ife of the paper. If only spat repair is to be
painted, the old paint must be sanded and featheredged. To feathered?efa spot job, use a No.
240 grit waterproof paper on a rubber block. Sand the area until.it 13 smooth and the edges
of the old paint are featheredged. Thi$ is accompanied when yo see'the different layers
of primer and#Paint in a step formation., After the surface has lbeen sanded and is smooth, it

‘has to be cleaned of.all sanding vestdue: Wipe the surface cledn, using a clean clofh and an"
- ‘1r gun to remove all traces of dirt and dust from crevices. etq. Wax particles must be

removal. After wiping the surface, avgid tolching it with your hands. Apply several coats of.
surface primer and alloy to dry. Whert dry, this will have to bedyet sanded andicleaned

L 4 o

ved by nipin:J;he surface with a clean g%g}h dipped in a spetial solvent designed for an
h

EXERCISE:  Ansyer the following questions and check your responses against those listed at
thsﬁend of this study unit. . ‘ _ .
g 1. The'first step in repairing the damaged metal 1llustrated below is to apply
t pressure

’

A N ’
- T g Y /.
—— K
“ /‘4"’ i ¢,
¥ ) - -
.. * v 4 \ .
a,” at point 'B' by hammering at point 'B', ° ; . '& . . _
b. by hammering at -point 'C'. P : - . -
c. by hammering at point 'A'.° _ WU
- d. at point 'B' ‘'while hammering at point de .
. ! N ' E
2. The second step in repairlng the damaged metal 1lJustrated fn questxon\11is :
. a. dinging, using Iight hammer blows. BN
. b. dinging, using heavy hammer blows. o e
. wff c. to apply. pressure at point 'A'. A
St dinging, with hamier and déily block. R

. . . .
. . : Yo .
. . . . - ~ . . - . o -
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3. The best method to use in removing the dent illustrated is *

‘ Y
a. dinging off the .
b. dinging on the dolly. \
, v .’ dinging with oply 3 -hammer:
P d. dinging from the underside with a umping hammer
4.- When shrinking sheei metal using an oxyacetylene torch you should heat a spot of
approximately inch(s) -in diameter in the center of the stretched area.
2. 1/4- 7 S
b. 3/8 . d. 6
5. A small dent which ¥s difficult to sdraighten should be filled with
- 9 !' ‘ - . s
a. lead solder. - N, .. c. plexiglas. “
b. fiberglass.’ " d. liquid metal.
6. If a bar of sol%has the numbers 40/60’on 1;t, you would know that it is made of..
‘ “a. 40% lead and 60% zirc. - - 8‘\
b. 40% solder and @0X lead. ° o : -
c. “40% $older and®b0% tin. - . : '
d. 40X tin and 60% lead. e "t '
7. After you have featheredged a suri“aqg, it should be .
\
a. sandblasted and coated n,it.h T'ub‘?N . _ .
.b. otiled. : il ’ S -
c. <cleaned using a clean cloth and an airgun, ., T :
. d. primed v
8. List the'four procedures (steps) for repairing body “damage
a. ' . * » ® -
v b. 7 ol I
) d. ~ o : ’ | ‘ |
* SUMMARY REVIEW AR |
- ) ) In this study unit you learned to identify the tools and prdocedures for répairing
frame§ and body metals. - * . . . ! P )
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STUDY UNIT 6 - .

. _ - HELDING SYMBOLS \ -

et . STUDY UNIT OBJECTIVE: UPOMN-¥CCESSFUL COMPLETION OF THIS STURY UNIT, YOU WILL - -

B , IDENTIFY THE WELDING SYMBOLS STANPARDIZED BY THE AMERICAN WELDING SOCIETY AND THE
DEPARTMENT OF DEFENSE. , . - C o )

-Work Unit 6-1. ELEMENTS OF A WELDING SYMBOL

INENTIFY THE FEIGHT. WELDING SYMBOLS. N
Helding symbols are the means hy which information is placed on drawings for the
guidaffte of welders and construction-personnel. Special symbols showing the kinds of welds to
be used have been standardized by the American Welding Society.and ¢he Dppartment of Defense
“and apply td all types of welding. The.symhols are placed on horizontal lines ‘(reference
l4nes) in open spaces on the drawing. The reference line of the welding symbol (fig 6-1) is
~ used to designate the welding process to he used; its location, dimensions, extent,. and
contour; and nther Supplementary.information. hhen necessary, a tail is attached to the
reference line and used to provide specific notations. Arrovhead-tipped lines indicate the
location of the welds. If the weld is to be on the arrow side of a joint, the symbol is,
placed on the tower side of the reference line; if-the weld is to he made opposite the arrow, .
the symbol fs placed ahove the reference line. If the weld is to be made at the place of
installation, after the structure has heen built in the.shop, the field weld symbol is placed
* on the reference line. Welding symhols provide the means by which complete information is .
placed on drawings. The guide in figure 6-1 shows the relative location of all symbdls that. »~
may be used to describe a weld. Often only parts of the system are used, but even then the -
information is conveyed in standard nguaqe ' : . *

The Army and Havy standard for vel din¢symbo1s maPe% a distinction hetween the terms
weld symhol and wel ding symbol. The assemhléd wel ding symhol conggsts of eight elements or
any of these elements as s necessary. They are the reference 1ine, arrow, basic weld symbol,
dimensions and other data, supplementary symbols} ‘tail, and the specification, process, or
. _ other reference. The location of the elements of a welding symbol with Jrespectyto each other
' » 1@ shown in figure 6-1. The weld symbol is that figure that is used to 1nd1cate the desired
' ‘type of weld, as described in the foHowing paragraph '
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) ok aln atunm([ \} L ;‘ L "_\ JUNE TO ARROW WOL (  FOINT,
& . /7 ? -+ 110 groDvigrac mer Ost BOTH . .
-
~ .
N " van 8 ~ b \4 2
. // oY ‘ »
-
v : BASIE WD SYMBOU OR DLIAR prRen e WILD ALL ARGUND sYAOR :
. » 4] l\‘ . > .
.. N , . . . (N) e e .‘?NynlbLAl Qf WY OR PROIC .ION WAl . Y »

-
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5. Supplementary symbols . . ¢ .
6. Tail
7. Specification :
8. - Prdcess . - . Q
~ *“'r < 2 - ~
. . o . .. ' .,
N s
__— Work Unit 6+2. s'ASI"C WELD SYMBOLS ) . _ g
' _ mcuan THE HELDING SYMBOLS. ’ ‘ N
These weld symbols are used to indicate the welding process used 1n metal joiping
pperations, whether the weld is localized or all around, and to indicate the contour of the -
welds (figs 6-2 through 6-4). Since no specific weld Symbols have been devised or assigned
for brazing or fqrge, thermit, induction, and flow welding processes, sthe tail of the welding
symbol is used to designate which process 1is to be used, together with specifications, ,
procedures, or other supplementary . 1nformat10n‘t;equired in making the welds.
o \y 6 .. .
. \ _ TYPE OF WELD N
s T ewe [ -__GROOVE -\
’ J BLAD FILLET 5881’ SQUARE v © BEVEL [V} J
'f . - ) ‘ . ) N . ) -
el VISV
o ~ S - o o~ .‘a-'.- 4
. b Fig 6-2. Basic arc- and gas-weld symbols.
2 . 9 B g ym . ‘ )
S X‘ ) 2 ) .
- . ' ™ “
\
e - TYPE OF WELD 1 - -
’ K * su\g e
. SPOT | .F"ROJECTIO,N .SEAM U'?SRET ui ' .
' ~ T o . 2 b -
: ; X @( XX
'[‘—‘ [ . . b ’ ¥ ‘ ~
- g ) Fig 6-3. Basic resistance weld symbols. &
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. .
(2) Other side of ‘the joint (fig 6—6%2’.We1 on the other sidé/;;\:hh-doint are

“TndTcated by the weld symbol- on the sidepf the reference line away from the

- / _ reader. - . L.  S—
» R ) . » C . ’f%:
, N e U | \
/ ik '
Fig 6-6. Weld symbol on the other side of the joint. ' ’
P {3) Both sides of‘the‘joint (fig 6»7). Welds on both sidas of . the Jofﬁ*yaré 1qg)cated

Py the weld symbols on both sides of the reference line. In all of these cgses
concerning the reference line, the locatidn of the weld symbol on the reference

» ‘ line denotes the position of the weld in reference to the line as:shown in figure ’
| 6-78. Also shown in B is a combination of more than one type of weld used on that
particular joint. . . o
. ° - - i - . \ y
SINGLE- -
aeno St dheon
.. L SINGLE -J.GROOVE # LT WELD.

. . AND FILLEY YM
WELD SYmB0L SYMBOL .
) -y
’ g J— . <

DESIRED
WELDS

DESIRED
WILDS

_ T R Kv

a

P

\\\\ A. Symbols on both sides. X B. Position of symbols on reference line.

N— . Fig 6-7. Weld on both sides of the joint and positigh of the weld. N

L4

b. Fillet welding sxmb61§.

(1) Size of the fillet weld, (fig 6-8). The size of the fillet weld is shown at the : Coa
Teft of the fillet weld symbol. If welds of the same size are on both sides of : R
the joint, the weld symbol is placed as shown js!ﬂ, but the weld size i1s shown on .
one side only. If the fillet welds on opposite sides of the joint differ in size, ¢
the sizes and the sides oh which they are located are indicated as) shown # figure - o
5-8. When the leg lengths of a fillet weld are fio} the same the“required - »
measurement of the weld symbol is as shown in figure 6-8B. - .

" (2):Length and.spacing of fillet welds. The length of a fillet weld, when indicated ~ . -
: * on Eﬁe qplﬂing-symBol. is‘plaCea To the right of the weld symbol as shown in .

: : figure 6-8C. The.dimension of an intermittent weld is indicated by showing thix

ength of“the weld to the right of the symbol, followed by the distance between

-t centers of the weld. A ch?ih intermittent ‘weld is shown in figure 6-8C. The

first figure indicates the'length of t}e weld and the secand figure indicates the

v spacing between th& weld centers. Whe} fillet welding extends the full distance
. ® between abrupt changes in the directiopn of the welding, no length dimensions are Y
: - shown on the welding symbiol (A and B, fig 6-8). .
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SYMBOL .
oIHNED WiLDy . A- ¢
~J
LY
Y
t L)
) ? _ VY™ w2
. 4 OHISINED WELD
J;[L el ne B
i — —)
EN | el R
A2 F [o SymBoL b 4
. . . OISIRID WHLDS ) »
Fig 6’& Fillet welds symbols.
' ~ ' _
. . ] d . ’ . ’ N
! (3) Fillet weld contours (fig 6-9). Fillet welds that are to be welded approximately
"~ Tlat-faced without any subsequent finishing operation are indicated by the

addition of the flush-contour sym!;gl (fig 6-4) to the weld symbol (fig 6-9A).
Fillet welds that_are made flat-faCed by mechanical means are shown by the ., . &

addition of the flush-contour symbol and the user's standard finish symbol to the
weld symbol (fig 6-98). Fillet welds that are to be finished to a convex contour
by mechanical means are indicated by the addition of both the convex-contour
symbol and the user's standard finish symbol to the weld symbol (fig 6-9C).

W . " N , N\ ) ,
o Y 74 ‘
N A ' : .
. - . 4 r L A - ~ '
| N | ‘B\c '
\ a7 ‘ - W
. { : ' o -
. _ - 8 - . - A
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) , N . . |—9 19
B - ‘)‘G ) ) I | .\ JC .
P . b C . l
S 2 . Fig 6-9. Contour symbols. Co _ :
. ‘ ' S . ‘ . , : o
ST c. Groove welding symbols. ‘ . _ . .
S . . " B 'g.,lf" ] o 7 . o
41) General dimmensions of groove welds (fig 6-10). The size of a groove weld is-
shown on the same sTde of the reference line as the weld symbols (A, B, %nd C, Fig
6-10) ... When no general note governing the dfmepsiens- of groove welds is usd(oand
; when both welds have the same dimensiops, one ‘or both may be.gimensions, ohe or
. ’ both jnay be’ wed (0 and E, fig 6-10)« When the dMmensions of the welds
differ, bot ned (F, Tig 6210). .When both -welds have dimensions =~
. g goyerned Py- a note, meither is shown on thé_symbol. _ T w . ' @
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SO ‘ang
: symbo

(2) Size of groove welds.
ot chamtering plus

symbol (A, C, and F, fig 6-10).

v

»

root penet ation wi]l be shown as fndicated below.

(a) The'size of the single groove and symnetrical doubie
completely \through the members being jdined need no

symbol (A ahd B, fig 6-11).

gro%tg
be shown on the welding

P

(b) The size of groove welds which extend only partly through the member or
members being Joined will be ShOWn on the welding smnbol (C and D, fig 6- 11)

. The size of groove welds with specified root penetration will be indicated by

showing both the depth of chamfering and the root penetration.

The size is

indicated on the left of the weld symbol by showing the depth of ch ering, a
p]us mark. and then the root penetration, in that order (E and F, gﬁg -11)

X

” . L
; v
\ " NG -
A
- ~ 12
R . ¢ »
13 DEG ’ 40 DEG
LN o Ny
SEIEARN |
~ + DIG
1/8 5 0€G ) .
e '~E¥x—k3——— /J ;
» , . 0 otc. I D(G : . :
p T rore au omeons ot 2t s
.. Fig 6-10. Groove welding symbols denoting weld 'size, groove 31ze,,
and ,size of root opening.
1
. w
. DLSIRED WILD * . symsoL 7 DLSLD WILO SYMBOL .
) ‘ .
12 L - ‘
v - '
1 R - .
' DISIAIO WILD "%s\mn
c L S
) OIS0 wih SYMIOU
f ’ ]
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RS :
e S
I 1/4 -
- (— [
- I TR
. " YMBOL  » 17
-~ CESIRFO WILD B T . . .
‘ : 3 wme -~ F STmnoL
NOTE- ALL DIMENSIONS SHOWN 4 .
ARE IN INCHF - OHSIRID WILD r - ‘ .
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Fig 6-11.." Size of groove welds. with and without specified root penetration..
- . ! e, \ -
. f_\*{_ : ’

oved dimensions.’

D, €, and F, fig 6-11).

The weldj

_the arrow side other side, and both sides of :

are illustrated figure 6- 12

J-g

)

rooves.
—e

Similar symbdls are ugsg‘jnr bevel-

5189

The groove

. symbols showing the §ymbols for

The size of a groove weld is the joint penetrdtion (depth
e root penetration) and is shown to the left of the weld
The size of the groove _w'ds with no specified

A Y
welds which extend

“*xlﬂh_dié%fa?& The root Opening of the groove weld is shown ipside the“weld,
v as 1TTustrated by the fractiop 1/8 at A through E in figure 6-10,

le‘i groove weld is shown” in degrees of angle placed above or ‘below the weld
(C,

oove ‘welds ‘of the U-quove types
Y

and

R

t
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Fig 6-12,

S

V-groove welding Sympo1§ showtﬁg 1oc5t19n of Qelds.

N . -

(1)

etk

(2)

- surface b

d. Bead welding symbols.’ i . S A - i;):

Single-bead welding symbol (fig 6-13). The
indicate the bead type of back or backing welds, of 'single-grogve welds, and is .
shown by placing a singléAbeaded symbol on the %ide of -the referente line opposite
the groove weld symbol (fig 6-13A). The dimmensions of bead welds used in back or

backing welds are not shown on the welding symbol v

Dual-bead weldin 1. This symbol 1s-u5ed,to 1nd1cate surfaces built -up by )
welding [B through i gig 6-13). The dual-beaded weld symbol does not indicate o

the welding of a joint and hence has no arrow side or other side significance. PN
e symbol is shown on the side of the rgference line toward the reader and the .

zg;ow points clearly to the surface on which the Weld is to be deposited. The e 7,
e of A surface buildup by welding is indicated by the height of the weld Cx

deposit to the left of the . symbol (?19 6-138). The width.and lenyth of the . “

ggrface to be built-up are indicated in fi?ure 6413C. When the entire area of.a e,

surface is to be built up by welding;ano dimension other than heighft of deposit

need be shown on the welding symbol (fig 6-130). Trne buildup:?f a portion of the

.welding 1s indicated in figuré 6-13t. - .

o~
-
S . . . ,
. . . .
.-

gle- bead weld Symboa is useq.to

r
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Fig 6-13. Application of bead weld symbols

-~

-

(3) Surface contour of back or backiAgfweld - «The contour, flush or. convex,’ 0f back or-

.. o backing welds is shown by using the contour symbol in:the same manner as’ that |
r§Quired ‘to show the contour. of fillet welds . (fig 6-9)-. :

-~

' ) el PlugL and slot- welding symbols _ ~W' o S )
(1) General. Neither the plug -weld symbols nor the slot- weld symbols are uSed to
designate fillet welds in holes. 'The veld smnbols for plug and slot welds are

. identical.
" (2) lndicatlon ofhblug and slot welds (fig- 6'l4) ' Plug or slot welds in the. arrow- »
L . . $7de member of a Joint are indicated- by the weld symbol on.the referense line
’ : “toward the reader (A and F, fig 6-14). " Plug welds in the other- side member are
indica y the weld symbol en the side of tHé reference 1ine away from the
reader ( ig 6-14B). Slots in the other-side’ member for slot welding&'are _
iancated in the same manner, . , ' Ly
: . v ' K
v . (3) Plug welds. - oo g T~

- . (a) Size. Fhe size of a plug weld is shown on the reference llne to the left of, At
) the weld symbol (C-and E fig 6-14), : '

N L . (b) Angle. The lncluded angle of countersink appears as shown at C and E in . .
. gure 6-14. - R _ ‘
- ' ' _A (c) Depth of ®il1ing. Unless specified,. the depth of filling Blug and slot welds

shall be complete. When the depth of filling is less than complete, the
depth, in inches, is shown-as illustrated in figure 6- IdD

T - (d) S acin The pitch {(center-to- -cénter spacing) of plqg welds is shown in the
t A reFerence lingy'to the right of the weld symbol (C-and .E, fig 6- 14)

(e) Surface contour. The contour of blug welus that* are to- be made . approximately
¢ Tlush s indicated by the flush-contour symbol (fig 6-4) in the same mqnner as
that requlred té show the contpur of fillet welds (fig §—9)
L

6 -Slot welds. Thé detalls of slot welds such :}‘the length width spacing. -

. TncTuded angle of countersink} orientation, and location, cannot be shown of the
. “welding symbol. The information will be shown in the drawing or by a detail with' ¢
ﬂ.J"// . La reference on the welding symbol gbserving the usual locatlon (fig b 14G) |3
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he . T G—um« OF FILLING AHB SLOT-WILD nIFERINELS o s
’ . NOTE ML BIMENSIONS SHOWN ARE, IN imers Mrf” 2339934 R ' 7
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o Fig 6-14. Rﬂug and slot welding §&mbols 1ndicat1ng- - § ™
v - _location and dimensions. ' - '
\ Sl ‘., ) o, -
Spot-welding symbols. o . N .
(1) General. Spot- welding symbols have no arrow or other-side significance, although
supplementary symbols, such as flush contour, may. have such significance.
Spot- welding symbols are centered on the reference line of the welding symbol
! M
- (2) Size. The sizé of a spot weld is its ‘diameter expressed decimally in hundredths

S

FIE)
(4)
(5)
(6)

%3

of an inch and is shown, with inch marks on the referahce 1ine to the left of the
welding symbol (fig 6-15A). Sometimes the strength the weld is designated
instead of 1ts size. :

~ -
[ '

-Strength. The strength of the sbot‘weld is designated a the mlnimum acceptable
shear strength in poun

ot and is shown on the refrence line to the left

of - the weld symbot (fig 6-1§ﬂr >

[

T

The pitch (center- to-center spacing in inches) of spot welds is. shown on .

Spacing.
tEe regerence line to the rlght of the weld symboJ (fig 6- 15C)

9, "

Extent. Hhen spot welding extends less than the distance of the full length of- @
the ]oint the extent is dimensioned as shown in figure 6- 15D =

\'
Hhen a definite nmmber of spot welds is desired in a certain joint the

Number

"stshown in parentheses, elther. above or below the weld symbol (fig -6-15E).
Flush S ot-wel 1n oints. When the exposed surface of one member of a spot-
welded join o be flush, that surface is indicaked, by adding tke flysh-contour

symbol, observing the usual’ arrow or other §1de location signlflcance (fig 6- 15F)

@
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Fig 6-15. Spot-welding symbols indicating size, strength,
spacing, extent, .and number.of welds.
?‘; -
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‘9. Seam-welding symbols. o : S o ;o
! o r ’ o
(1) General. Seam-welding symbo1s have no arrow or other-side signiffcance‘ although “\\\;,,,/f// K

\\\/ . "they can be used with the supplementary contour symbols which will have so
significance. The seam- welding !ymbol is centered on the reference -l1ine o?e;5>
welding symbol. T !

K

(2) Size (fig 6—J6A) The size of the seam weld is designated.as<the width. of the o
weld, expressed in hundredths of an inch, and is shown with inch marks to the left
é | A of the weld symbol. Somktimes it is expressed by specify1ng the strenggh of the
seam. . _ . h :

~.(3) Strength. The strength of the seam is designated as the minimym acceptable” shear
' strengfﬁ in pounds per linear inch and is shown to the left of the weld symbol
—~ 5 (fig 6-168B). . _ ,
L
‘ (4) Len th. The length of the seam weld, when specified, is shown to the right of the
;{) . symbol (fig 6-16C).

(5) Extent. “Wwem~seam welding extends the fu]l length of welding, between changes in
direction of the weld, no length dimension is shown. However, wheh seam welding . :
extends ‘less than the full length of the joint, the extent is dimensioned as shown 5
in f¥gure 6- 160 . , R 4 :

7

T

(6) S ace. T?e center-to-center spacing of intermittent seam welding is‘shown to the
ggﬁf of the length-dimepsion on the welding symbol referenc:ﬁfine (fig 6-16E).
When intermittent-seam welding is used between continuous se#m welding, the symbol
indicates. the spaces equal to the pitch (center-to-center) minus the length of .one
increment, and is shown to the left at the end of the dimension length,

(79 Flush seam-welded- joints (f.ig 6- 16F) when the exposed surface of one member of a Y. .
seam-we lded joint 1s to be flush, that member 1srgnd1cated by the addition of the N !
flush- contour symbol. . X . .

¢ . . ' ' '"' ( '~




¢ i ’ (’ -
l P DR { ¥ 7 ‘
) . .l ) ) N . ) \
) 2 L4 - :.M.uum—- ¥
] L . )
- ";;‘ - ._-nu-n--uu--u ) .
) - N\ )ee(, / )a* . &
~ . N 4 n ] .
[N f\ N €= A0 B0 BAR LS o i
[y l / N A‘ F“:@ql A N
v L LRIN.] M M
\ ] 1 ,,4/ .
I) B w____‘____‘[__‘____, m—m— e £ "7 \
_ﬁ- HW;‘D' A Al [y - A »
. © - ArFUCATIN o7 WSS un-u_u_ufnnnv u [T . R
. . .
) ! ] L. ‘ !A-c..-nﬁ.m“ll_l i + . ’ N .‘ 3
Fig 6-16. - Seam-welding symbols indicating size, strength, length, ‘
. . ' extent, and contour of welds. - _ ) .
J . - ' - w ,
h. Projection welding symbols.
‘ . (1) Location. The locatiom af embossments on the arrow-side member of a joint for
projection welding are indicated by the weld symbol on the side of the welding o
I . symbol reference line toward the reader (fig 6-17A). Embossments on the other 3
N side of the joint are indicated by the weld symbol reference 1ine away from the
, reader (fig 6-178). ' .
t, . ' . * .
: ' -(2) Dimensiens. Dimensions of the projection weld are shown on the side of the
. reference line as the weld symbol, and are dimensioned by efWer size or strength
! (not both) as described below. - : - ‘
) d? - . » . . .‘ Ca ~‘
' . : .(a) The size of the projection weld is designated as the diameter of the weld .
expressed decimally in hundredths of an 1nth&1and is shown with inch marks to L
- the left of the weld symbol (fig 6-17C). .

. » . .
(b) The 'strength of projection welds is designated as the minimum acceptable shear . °

, .+ . - strength in pounds per wéld and is also shdwn to the left of the weld symbol
! -  (fig 6-17D). -
o - : \ -
(3) Spacing (fig 6-17E). The pitch spacing in inches is shown to the right of the ] '
{ weld symbol. = . & ° ' . . f N

. (4) Number of welds. When a definite number of projection welds is desired, the '

) "yi‘ nunber 1s shown fn parentheses above or below the weld $ymbol (fig 6-17F).

.

(5) Extent of projection'welds;' Hhen'projection welds extend less than the distance
- between changes Tn the direction of welding or less than the full length of the
weld joint, tha extent is dimeénsioned as illustrated in figure 6-17G.

(6) Flush contour projection welded joints. When the exposed surface of one member of
~a projection joint is to be Tlush, the surface is dndicated by the addition of the ,
flush-contour symbol to the weld symbol, observing the required arrow side of : r
other-side significance as shown in figure 6-17H. : p )

. 5 . - »
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' . L. Ve >< H-- contour of PROJECTION WELDS '
‘g 6-17. Projection welding symbols indicating focation, dimension, .

Py . . spacing, number, extent, and contour of welds. .

-

.‘ . ! N .
EXERCISE:  Answer the following Questions and check your responses against those listed at
the end of this study unit.

*

is

adl . B ‘ .c_" D ) l‘ ' . - . € )
\/ .

A ‘/ 1. The symbol appearing on a reference line that infAcates a bead weld is to be made

R . .
' » ' R »
. 2. Projection and upset welds are sibnified by symbols. - . -
a. gas-welded - ~C. supplementary . . - '
b. arc-welded . . d. resistance-welded &~

»
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n

. The sjmbo1 110strated represents a combination of

. a. dual bead

» e
’

Ay
-3

The symbol which™is the supplementary symbol for a joint that 1s to be We1qéd in

the field is *

o~

: @ - c/_L - ,'

\
. ' | e
A joint that must be welded on both sjdes is identified by -
a. the word "weld" on both sides of the referencé Vine. - _—
b. a weld symbol on only one side of the reference 11ne. _ / -
c. weld symbols on each side of the regerence 1ine. g@% '
o

d; a "weld all around" symbol.

R

the _

» .. . - )
a. flush-contour symbol. ¢. use of double arrow.

b. additfon of a notation. ’ d. position of the reference 1line.

| 3

we1ds..
A -,

bead, single-J-groove, and fillet

a.

b. single-bevel groove and double-fillet *

¢. flush-contour

“d. single-bevel . groove and bead !

. . . - 3 (

Note: Questipn9\7—9 pertain to this diagram.
j 0o [ ; - =~ -2
. %i:zb._————‘k_—:'m:“:,_ phua e ,
..:. — 1, : - 5

l- ‘ .
. i “ - .

Y

Identi fy the type of weld shown in the illustration.

[
+

- c. chain intermittent
b. staggered interfnittent ‘ d. surface Buildup

The numeral 2 indicates the weld is

ar made in 2 passes. '

b. 2 times the thickness of the metal.

¢. 2 inches long. o
d.' made 2 times in 12 inches.

Flat-face fillet welds that require no additional weld finishing are indicated by" o



: ; Identify

a Jp’int shown 1n the ﬂ]ustration I v . R - J
’ . a. butt o ! flush ) \,
b, tee . o d, . overlap g v .
< i . . R : .
v 10, The symbol iJlusthated indicates the finished weld is«td be f ( )
Y e i oned . ’_) o ) -, . :
» a. ' ¢ ppe . [4 ¥ M, » § ’ - . «
. , b: flush.- L /“L— e *
. « c. graded. o - o
T . d. machined. . S _
. [} - - . ‘ s </ )
1N. The symbol you should use to?iesiggate a tee joint with desimed 'fﬂlet velds of
1/4 1n.ch on the left and .1/2 inéh bn the right is - _ .
) - . I ‘ . { . I.
~ ( . N ) . ‘ .
- - ’ . :‘.
}"' ¢
L
: ~ 2
12.  The foraula, depth of chamfering p (Ius'the root penetration equals Joint
. penetration. refers to the size<o weld.
N . f‘ ] ] et 1{ ) C. ‘ p] ug ) L . A . I
b. groove ] d. slot N
. 13. A V -type groove weld with. a groove angle of 150 is ﬂ]ustrated (sy@ol .. !
» ) .
. ' E - . L&
N\ ) , ~
14. The entire surface buildup in bead welds 1s shown’by .
. a. the height of the deposit. . _ -
b. the width and depth of the deposit : _ . :
“ ¢. the thickness and length of the deposit. _ w a
d. all of the above medsurements. ) .
' 15.  The symbol whjch represents the 11lustration at the‘right is . .
. /'"‘LC;L ¢ 5 L. - - ‘ ‘
5 . . . _
. - A . :' N
d, P — . ' ,
b~ —ofle-3, - :
- //W . | l)\l‘.:;lll.{ll).'l) y . e
¥ N ' ] ' _\‘ :
16, Plug weld sizes are shown on the . g line,
. - ] N . .
, i7"'§0Jection : . c. center b / .
? b. referenée ‘ 'd. datum
. . 2
‘ . 17. The weld symbo"i for a plug weld is the same as that used to 1dentify a
. © weld. ™ . T
a., fillet c. groove Y a ’ :
b. butt . o d. slot )
I B . . L. o 6_]3 ' . . . ) ) ) [
. . ' ”
Y A . . i . : ‘ o \‘,"‘J



‘) v ’ , . -
H 18. . The symbol illustrated is called a (an) } P
r‘ . 7 ) - y A_,
3 ' _
¢ ) - a. arrow-side fillet weld, . _ . :
b. both-sides fillet weld, one joint ) ) e
¢c. other-side fillet weld. L ‘ ’
d. both- sides fi]iet we]d two Joints Ty

« 190 A ~— weld is cal]ed for by the }ymboi\shown in this i]lustration

> . : i
SR S - /B
. ) R . R N . . - 45‘ R “f
‘ a. plug - B T " c. ‘groove . . o
t b, spot N , id. fillet

t L/ :
20. " In the illustration for queiﬁion 19, the numepp! 3 indicates the

g

.o ' : a. nhmber of welds. \ c. angle of weld.
% b. size of welds. \" d. spacing of weld.

- 21, The size of sbot welds is designated in

a. letter sizes. c. hundredths of an inch.
b.  fractions. _ d. thousandths of an inch.

i

22, In parts fabricated by spot welding, the greatest concern is the spot's

- a. tensile strength c. appearance. ' .
b. sjze. d. shear strength.
N : _ ' ‘
\ - 23. The symbol below illustrates the . of spot welds.
\) : — .
! _ ) v .
& N/ :
* , a. number .
'b. strength a ' (1) : - _
c. size ’ : t. . P
- d. spacing . : [
'24. The length of a.seflm weld is given when the
. o - - ' ’ -
~ a. weld surface is convex. : )
b. weld surface is concave. ’
c. joint is longer than 6 inches.
~d. weld is shorter than the joint.
25. On a blueprint, the strength of a seam weld wquld be shown in'T .
: ~ 4. pounds per square incn. ¢. linear pounds per foot. ' {
- . b. pounds per square foot. d. pounds per linear inch. °
%, In intermittent seam welds, the djstance from centey to center of the we]d "is
called the 1 .
~ A . !
. : a. pitch. " c. projection:
- .b. protrusion d. embossment.®’
. 27. The symbol {llustrated designates'the of a seam weld.
. \ a. strength _ 0. 30 - '
, b. size ,
Py c. length
d. contouy,




28. ldentify the symbol that représehts the desired weld i11lustrated. ’ 0 ’ B
“‘V‘" e ~ ! — . - )
I S ,
{ _w) '
.\ — f [ . N . ~ .
- ’ b /__[&_ ' ' ‘
1 * - ) .
. . NN , 3
N - * ' . DESIKED Wil D s
SUMMRY REVIEW E w0 . Yy v
. In this study unit you have learned to 1dentify the weming symbols, ﬁandardrzed f
the. Mlerlcan weldin}; Society and the Department of Defense. ' .
. D] d p
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’ B . - -} a
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Answers tp Stutly Unit #6 Exerchises

Work Unit 6:1

\

~ 1. b. 5. . ¢C -~
2. c. 6. b N
M 3. -d. 7. a
- 4. a. 8. d
. @
~ . Work Unit 6-2 |\
1.  b. "8, w.c 15, d
2. d. 9. b.”  16. b.
3.0 a. J10.7 u. _7‘d
4- C.. 11- i do 18 ’v C
5. a. 12. b. 19. .a
6..b. 13. a. 20. , b
7. c. 14\ a. !'2%. c
¢
~ ]
AN
F4
L4 ‘>
L] A




- 1 / £ H

- . - B v
. | P oo . g

£
1

/ . ' METALWORKING AND HEI,DI;JG OPERAT IONS R
) . '! M . . .
. x : ) Review Ledson - | X . .
. : . L
1{ structions: This review lesson is designed to aid you in preparihg for your final exam.
, ou €hould try to complete this lesson without the aid of reference mategtals, but If you do
) not know an answer, look it up{and remember what it is. The encldsed answer sheet must he
s idled out according to the instructions on its reverse side and mailed to MCI using the °
© envelope provided. The quastions you miss will be listed with referene€s on a‘feedba'ck sheet
¥ (MCI-R69) which wi1] be mailed to- your commanding officer with your final exam. ., You shohld .
study the reference materfwl for the questions you missed before taking the final exam, '
- - L ¢ . . v
‘ A. Multiple*Choice: 'Seléct the ONE answer that BeSt completes the staahent or answers the
© question. After the corresporlding number on the answer sheet, hlacken the appropriate
circle. - iy ‘ \ '
' Value: 1 point . ) : .
4 . «
/_ 1. ( The twd most commonly used methods of welding are .
. ‘ i B
a. , gas and TIG. > c.” TIG and MIG. ?
. ' b. MIG and e1ectr1c, » d. gas and electr‘ich
. \ 3 4. ) \1___
2. ontrol and direct the heat on thes.edges of-the metal to be welded and add a v
suitable filler material to the pool of molten metal is the principle duty
in "welding. )
< : - N
) a. opyacetylene ’ - €. -electric arc
e . | N\ 4 e ' .
. 3. (The characteristics of meta] that‘enable it to resist deformatién by external forces
e talled « properties. . .
"a.' nechanical : ) ; . c.* physical
> b. internal d. metal ‘
4. Metal properties determined by chemfcal compositions which cannot be changed by
heat-treatment are called ' properties. )
a. mech#hical ¢. physical -
\ b. internal d. metal
5. fthe four -types of cast iron .are gray, vwhite, maHeible, and v
. a. 'pig. , ) c..- low.carbon. P A \
b. wrought. . d. tool.
6. A1l fivel types of plain carbon steels are metals. .
! ) a. . alloy : * .. gon-ferrbus
b. ferrous . rooes ' ;
' 7. The seven principal metals used 1n rrnnuf%cturing steel are referred to as
' metals. .. k _
’ a. alloy c. non-feryous
= b. ferrous ’ N .
. - . | -
. i >. - .
. ' v g
&%& ' /a - A ’
a Le. '
. ~
L ] i ‘.T.
/ R-1 201 . - ? '
. T o " .‘
a » \‘L_
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a4
LY

. . \ -
. : B., Match the nonferrous metals listed as "8" through +#12" 1}1 column "1" with the correct
characteristic, 1isted as "a" through "e" tn column non/  Check your responses with those
Tisted at the end of this study unit, . .
J _ Column 1 . . Column 2
. ! . . - . : .
N T 8, ‘Aluminum - a. Hardness, ductility, resist -.
- ' 9. Oxygen-bearing copper . « y scaling and oxidation - '
. 10. Aluminum bronze  ‘ / . . h. Heldable, whité metal, low
7 11. Cqpper-nickel L. ~ mel ting point, machinable &
12. Maynesium . - . c. Médium strength, ductile, tough,
" C : ’ to malleable )
. ' . d. High strength, 1ight wetght,
. ' - ' resists copresion .

e. Moderately hard, tough, ductile - - °*

C. Multiple Choice: Select the ONE answer} that BEST completes the statementgr- answers the ,,‘
question. After the corresponding number on the answer sheet, hlacken the appropriate
circle. .

N

13. A metal sheet with a classification numbet of 2340 indicatBs it is made of

steel with a content of % and a carbon content of ¥. )
T \ | a. nickel, 3% nickel, 40 A

b. nickel-chromium, 3% nickel and 4% chrome, 0

c. chromium, 34% chrome, 0 i
« . ) : - N -, < .
d 14. when studying the behavior of a metal you are performing the _test. _ . J

a. fracture . ) c. torch ’ - © . |

~* b. grinding wheel. } ( d. appearance .

15. To develop ductility, induce toughness, and to aid machinability are thr-ee:'r'easons for

. a. didentification of metal. . . ) \
* b. heat-trefing metal. .
c. manufacturing metal. * - : .
d. testing metal prior to welding. . oo . L 3 ,
B h ' = A .
16. The five most copmon forms of metal are annealing, hardeniing, tempering, LT '
normalizing, and case hardening. ’ ¢ \, o A
. ’ - . . s b : ¢ 5Y
7 ‘8. ihia . c. testing v .
- ‘?. {" )\,"' S -~ ! 'ﬁ'
v 17. Oxidation of the metal, during heat-treating is caused by
N . ’ . © - ’
} a. overheating. R ' c. 1incorrect quenching. <
/ b.. underheating. _ - d. improper annealing. - ,

18. VWhen quenchfng a meta] part in water, the proper way is to

12 a. dip it and do not move 1t. \,
bh. dip 1t and keep it moving. B . '
\ c. place it gently on the bottom of the bath. ’
d. spray it gently with a hose. , -
19. At which poi?nt does the most radical changes occur in metal during heat-treatment?
- ~ - : , . .
<) a. Heat-treating point c. Tempering point
\ : ' b. Critical point . d. Melting point
’ I B . ~
20. Three changes take place when heat-treating metal; they are appearar(ce, grain
structur‘pgld grain ) ' . :
® ¢ a. disintegration. . ¢. shrinkage. . : ' .
: ( - c. distortion. d. growth. : ‘ o
y] .
o , . .
¢ b 1 ~
. _. _} R_z '. 7 ' ] . ~ ., .l- ) ‘
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\ ’ 21. A1l of the below are types of heat- treating,fhrnaces EXCEPT -
' : - electrically Fired. : o ¢« C¢ coal fired.
{ ‘ . b. bath. P - d. oil and g;s fired.* ‘ N
22. The temperature of metal\teing heated 1slmeasured by a T, .
_ ) S , _ ST — e
N N a. thermocoupling o . . thermastat .
- ba dial .indicator ; i d. pyromet

" 23. A lack of .penatration would be an indication that you are welﬂt.g with

A a. a dirty or rusted weldtng sugface. :
b. too long an arc. K
. c. too short an arc. , .o
24, Hhen.weldiné with the electpdde connected to the ' . terminal and the work '
. + connected to the . _/ terminal, you are welding in reéverse polarit*k .
y a.~ negative - negative ' " ¢.- positive - positive |
b. negative - positive o d, positive - negative.

- . .

25. I%, when you are welding in a corner or approaching an abrupt turn, magnd®ism makes
* 7 the arc unstable and difficult to control, you are experiencing .

a. gas expansion : c.» electromagnetic forces
b. gravity ' ‘ d. arc blow "

25, fhg principal parts of a groove and fillet weld are the root, toe and
. - a..*fusion zone. i c. face. . : -
: b. throat. ‘ - _— d. 1€g. .

voo2Tn Bead, fillet, tack, groove, and plug and slot are types of

| a. edges - ‘ ¢c. Joints
b. symbols’ ) ' E d. welds

D. Matching Match the five types of Joints in column 1, 28- 3§ with their correct Lses as
listed in Column 2.

Value: 1 point eacn/ - :
[
" Column 1. i ~ Column 2
/ . .
28. Butt \ a. To join two edges of sheet metal
- 29, Corner . b.- To join two plates at 900
. 30. Edge . angle to each other
| A 31. Tee S R c. To join two edges or surfaces of
32. Lap ' _ two plates located approximately
* _ , _in the same geometri¢c plane
, - d. To j¥n two members located at
> v L right ahgles to each other

' e. To join overlapping plates

E. Multiple €hoice: Select the ONE answer which BEST completes the statement of answers the
question. After the corresponding number on the answer sheet, blacken the appropriate )
circle. : _ . .,

Value: 1 point each

33. The best type of wefd to‘ﬂge when building'up a surface is a - ro
a. slot. . c. bead. 7 |
b, tack. _ - d. fillet,
1 L 4 v . i
34. A clear cover glass is placed .over the protective filter fens to &
a. filter infrared rays. ’ i . ¢, protect the‘colored lens.
~ b. reduced glare. o d. keeps- the colored lens clean.
‘\ i . . . ; . ,
. N “‘\ ' . Vi r
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55. Yqu.shou]d not use a color filter lens used in welding helnéts that varies mome

e

; than * shades from the prescribed shade number. o, : -_‘ |
v - <" . . ’ ’ ) * . - ] .
. a2 ; Co | < .6 S S SR T
\ ‘. ’ bc 4 A - - ’ '.d' 7'“ -t ) s . \.\ .]T}. ! v
: N SN AN T R
36. The mater1a1 used to make welde(s ylokes 15// S S, \
+ -“. i'i' " ' r * . .
4. leather. - - : ) “pig skin. '
. bi nylon. “1 A A d. cottonj: - P
7. &Io prevent flickering reflections, an area where we ing is being dorfe should be ‘
,%wbainted . , - - .
. . ’ i - ST - Y : *
a. flat' black. N IR c. -olive drab. -
b. dark green. . ' ~° d. dark orange. ' \ . r
' l ) 38. The letter "E",cin an'e\ectrode classification number, stands for ‘
- -a. ‘everything rod. c. evaporating rod.
¢ b, electrode. o d. electr1c , b ;

« ..

i 39. The setond and third digits of an electrode c]assification number stand for

size~of rods. ' c. ‘tensile strength.

a. _
{/5» » b. size of bead it will produce. S d. amount of rods’per pound. v
’ ‘ ' ’ * .
40. The fourth digit of an electrode c]assifikation number stands for ' ‘

a. the.amount of rods per pound times one thousand.
b. théhtype of rod. . .
c. tensile strength.

d. the position. in which-it may be applied.

A

1. rectifier-type welding machine produces icurrent;' :
. polar ' ; ~ c‘ d. c. . ' . :

a
b. a. c. : o - ¢ e d. fither a. c.ord, c.

?

"42. The LM-62 welder is a . ' ¢

- .
. L. . - +

gas engine driven, self ‘contained d. c. welder.

a. .
b. diesel engine driven, self contained d. c..welder. yA
c. gas engine driven, self-contained.a. c. welder.
d. diesel engine driven, self- contained a. C. we]der f
43. The .starter on the LM-62 welder should be allowed to coo] for %t Teast . ) *
after ) of cranking =
a. 30 seconds - 2 minutes .. ‘ A S
b. 45 seconds -1 minute v . N o s
¢. 1 minute - 45 seconds : L - *
d

. . 2 minutes - 30 seconds . :
o - 44, The gage shoufd be checked after running the LM-62 we]der for ‘! -

" to seconds.
, -

a. fuel pressure/30-40 ¢, oil pressure/10-20

! . “ b, -ammeter/20-30- _ ’ d. water temperature/0-10 ;.
45. Proper polarity is be{t described by a ol sound.
. \ o : . ~7
a. low hissing T . €., high hissing
b. loud drumming . . . . d. sharp crackling
. 46. There snould‘be approximately or an inch penetration into the base netal
Yo L for a good bead weld. -
A, 316 . YR e ¢ 18 N
. b. '1/4 I : ‘ d. r1/16
. . oW . 5
"-" * :3§:‘ : “ . ’ . .
_ _ . . _ _ 5 >
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T.\ 47. The purpose Qf quenching plates c]mped paraﬂel to the seam %hen. wdlding sheet metal (
A - is t0 ) .
, o ' a. hold the meta]-in,place Aor welding. f - -7
. b. serve as deflectors for sparks.. A o
~ ~ c. acts as ‘a backup plate for re rcement , ’,/( 3
- d. decrease expansion and_ contracgfon by.absorbing the heat. : )
- 48. An essential part of any job is awareness of possible hazards knowledge oT‘wirs to
- avoid or control dangerous conditions and , - - >
R ' }
E ' a. safety rails. - c. the position used.) ’ ' -
.o b.+ dafety consciousness .« d> type of metal, I
v ol > 'l' .
49. An acetylene cylinder is a color . S;
. - .
- a,. green . ///‘J(”“““\\sz ) c. gray
. b. yeTiow . . * _d. gray w/ white band N
) , . 1Y .
" 50. The narrow. slit formed when steel has beéen cut with a torch 1s a ,
. . - a. line cut | : ’ c. kerf ' S
b. cut weld . . ‘ d. opening” .
- ) { - .
51. -When cutting 1d-stee1, 1 inch thick, use size tip i
« a6 ' c. 2 )
. / b, 4 v d.* 0
. 7 -
52. ,The correct method to use when c1 ning a cuttidﬁ torch tip 1s to use the proper” size
tip cleaner and . ’ : - - $-
a then use the next s+ze 1ar$er tip cleaner. .-
* b. then use a fine piece of wire and rotate. A - ’ ~—
. ¥, c. then rotate the cleaner. T \
d. -push it into the oriface.
v, . !
53.  An oxygen cylinder color.f y
‘ ) a. green _ N o i . gray )
~;9: ' b.. yellow . )’ ’, 8. gray with a white band ' )
! 3 .54, A higv_pressure gauge which is graduated from to p51 on the
K . inlet “side of the regu]&tor s the oxygen qauqeg '
' N ,
’ a. 0-1,000 c. 0-3,000 '
" b. 02,500 _ d. 0-5,000 ‘7’-}*‘
’ 55. A high pressure gauge which {s graduated from to on -the inlet'
,stde of the regulator is the acetylene gauge. ) -
a. 0-1,000 psi o ) c. 0-220 cubic feety:
b. 0-2,000 psi ' d. 0-2,500 cubic feet
56. Two based alloys used in -brazing are and ,
a. Alumingm - lead ) c. Lead - copper
b. Magnesium - silver _ . © -d. Copper - sWver ™
57. When the rod is kepgkahead of the welding tip, the technique of we]dinq is ,J
called : . : o
a. backhand ‘% c. forehand
$ h. underhand , 7% . ’ - d. overhand-
58. When the tip is kept'ahead.of-the rod the welding technique is called . - .-
¢ .. . Y _—.——r—.—

a. backhand ) ..’
b. underhand . N

C..
4,

forehand . ‘ .
overhand e
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v 59. If you-;re cutting metal too slowly with a thrch, it will cause .
.( ' a. the praheat f1%mé to melt the edges. , . ,
, b. a clean, sharp cut,. . ! .
c. an enlarged kerf. : . : ' 4
~d. too much oxygen penetration. ‘ '
. [ ~. : L
N\ 60. To start a cut in the middle of a plece of metal you must ,
a. tilt the torch ta 450 angle to prehéat the metal and open the high preséure
" value slowly. . - : .
b. . raise the iprch slightly for slower heating and open the ‘high pressure value ' :
. quickly. ' . ~ ’ : J
p c. Aower the torch tip for faster heating.and opeh the high pressure value quickly.

t

d. keep the torch tip at a dbg angle and open the high pressure value quickly.

61. To cuyt a pipe with a torch you, should
AN

move the tofch gFound the pipe. .

a. .
N b. rotate the pipe and hold the tprch‘s{il]. \Z
c. move the torch first down one side, then down the -other.
¢ d. move the torch, at a 450 angle, completely &ound the pipe..
*’f’ ) 62. When ch?cking a cylinder for leaks, you should . - . *
. : » ¢ . : -
’ a. use a-leak detector. c. use a flame.
b. use a 40%py water selution. d. ‘smell for fumes.
63. You should use " - type goggles when gas we]diné'at eye level or above.
. ‘T““‘“"‘” g _ v
"~ a. heavy plastic * c. eye cup
b. rigid-bridge o d. clear . NI
64. Acetylene working pressure in excess of < psi must be avoided.
r - a. 50 ) c. 20 . .
b. 40 d. 15

’ - — . . '

65. A gas leak betwééh the regulator seat and the nozzle is caused by a

¢ - a. broken gaﬁge tube : e . c. cracked, worn, or dirty valve seat
- 1, b. 1leaking torch valve d. defective gauge
" 66. 1f you regeive a shock while operating the LM-62 welder, the problem is - .

. a. the welder i% not properly grounded. ,
o b. the electrode holder spring is weak.
) c.» the commutor 1is dirty.
d. . the polarity is wrong.

67. The dynamotor starts but rotates in the wrong.direction the brob]em is

/J -~
a. dynamotor switch is defective
b. d.c. ammeter is defective ’ B
c. external powerlines are incorrectly commected )
, d. drive belts arg defective or worn out ’ ~
68. You must make sure the end of the electrode wire extends approximately - G’ o . if
inches beyond the end of the nozzle of the SWM-9 torch beforg starting to weld.s . S
. . . . \
Yy a. 2172 . b. 1 = ! .
- b. 2 ’ c. /2 ..
.;[\-\ ) R ' -~ . ‘-\
69. Hawks-bill, trojan, avia;ioq, and < are the four types of snips. ‘ .
a. straight ' , | e, flat
b. circle : d. rotary
70. . The name 6f the snips used for several types of cutting is ‘ .
a. aviation v b. trojan
- |

b. hawks-bill" , T d. circle _%




‘ 72‘

73.

74.

75..

76.

77.

78. .

79.

80.

- . . . o : )
. - R h i ’
Throatless, handbench, and are the three types of shears.
-a. 'squaring : . c. straight-*”
b. manual o . . . d. power

The cornice br;ake,glaéhine is designed for
3 x :

shaping small strips of-sheet metal.

a.
b. bending small pieces of cast iron.
c. bending large sheets of metal. ,
d. cutting frregular shapes. »
The machine used for burring a disk is a machine.
a. grinding ~. €. slip-roll fo}ming 1. .
b. 'rotary - d. deep-throat bending -
. v
The al]owance for a lap seam which is to be riveted with 1/8 in. rivets is
inch. o ] e
a. 1/8 : c. 1/2
b. 1/4 | v d. 3/4
In making a corner lap seam s to.riveted, your allowance for clearance should be . B
a 4 times the diameter plus I/16 inch. ) ’ . o .
b. 2'1/2 times rivet diameter. _ & : RS
c. 4 times rivet diameter. =" /
d. 1/2 the lap width’
If a 3/8 in. grooved seam is specif1ed your allowance on each edge wou]d be
inch.
a. 3/8 : . o c. 3/4
b. 9/16 . ¥ d, 1 1/8
The type of seam used for the construc£1on of a cy]inder is a . seam., )
a. grooved ». _ c. plain lap .
b. Pittsburgh lock e\ - d. off set 1ap
With reference to the%ﬁbcket depth on the Pittsburgh lock seam, the w1dth of the
flanged edge must be 3
a. more. s : : ' c., the same.
b. Tless. . d( twéce the pocket dépth.
The four basic types of handtools used 19 repairing body damage are £ - .
Y :
a. bucking bars, chisels, hammers, and arc welder, '’ \\,,b
b. hammers, arc-welder, metal dollies, and sandjpg machine.
¢. . hammers, bucking bars, chisels, body files. %, . -«
d. hammers, metal dollies, sanding machineg, body fi}es .
In the diagram below, the reinforcement plate should be.we]ded at E - ‘
a. 1,2,3,and 4. - . A |
b. 3 and 4, ~ _ B . :
c.- 2 and 4, . @‘ . ¢ )
d. 1 and 2. I | : . &
3 4
2 T -
’ . -
~ w ( \.‘




. 1. HheQ foum? on 2 bar or wsfick” of solder, the numbers 30/70- indicate

v ' a. the manufacturer $_codk. o _ _ ) fql
. b. 30% iron and 70% zimc cdotent. ' . -
e c. 30 to 70% “1ead content. - - -Q

d. 30%-tin ahd 10%, lead content
{

82. A joint which is to be we]ded on both sides is Indicated }

a. weld symbols on each side of the reference Vi
“b. one weld S)ﬁzw underl 1M . _ o
. c. the word written on the metal. ' ' § . :
> ' d. color code. ~ i N
83. The symbol for a slot weld is the same as that used for a weld. o
a. plug . c. groove’ .ﬁ
b. fillet \ v d. butt . ' !
84. Plug weld sizes are shown on the Tine, v _ |
a. datum . . . ¢, reference ' 4 -
. v y b. projection B ”bdttom "
ﬁ'/’v‘ 85. In the drawing below, a . weld is shown.
) .
‘ 9
. ‘ \
a. groove bevel ' ’ ¢. square >
4 * b. plug or. slot _ rﬁ, bead
. /
.- . . . f
86. In the supplementary symbols illustrated below, , inbicated a field weld.

o. O i RO

O ® - ,
1 : . . i ‘ ‘t B

87. Illustrated below is a dual-bead welding symbol which is used to indicz;e

a. surface built up by welding. ~ ! ' .
b. the welding of a joint that has been spot welded.
’ c. single backing welds.
’ d. double backing welds.

/&\J\J‘.

-\

N . r *
88. In the drawing ge]ow, _ _ (15 111ustrated, ' : o - ,‘
a. the spacing of spot welds in inches . | . : -
b. the width of a spot. weld in tenths of an inch - .
. ¢. the number of spot welds desired at a certin joint _ R P
d. the shear strength of the spotweld in thousands of'pounds . v T
. () P

f%_ | FAY | . - o

89. The welding symbol i1lustrated below indicates - o s
‘a. V-gdroove. B '1/\\/' L ' o
b.. seam weld. . \\ o o e
c. projection weld. ' \ . ‘ '
» d. slotweld. ) / o ) ¢

- - - )
- - "
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Note: Questions 90 and 91 pertain to this diagram.

90. The weld symbol shown 1s a : . ‘ - {
' . groove bevel 4 | c. slot )f
b. bead ’ ‘ Y d. Vv ’ N "

G

91.  This weld should be made on

] . -
" a. arrow side of the joint , N
’ “  b. the side of the joint away from the reader :
c. any side of the joint with this symbol. :
d. opposite sideé of the joint, - r

92. The symbols belaw are projection weld symbols. Tng numbers indicateé

C : a. the 4th and 6th weld to be completed. ’ ,
. b. the shear strength in thousands of pounds. ) : : -
' c. the pitch spacing in inches. - . - '
' d. the pitch spacing in feet. : / n
S R pe ‘ >Q- \
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The Marine Cokps Institute would appreciate your help in improving the course you have just com-
Pleted. If you would take a fpw minutes to opmplets the following survey, we would have valuahle
information to help us improye this course. ‘Your answers will be kept confidential and will in
no way affect your grade. :

Course Number [ Rank ‘ MOS -

Mame (Optiomal) _ - L. ' )

Milftary Address (Op-tlonal) ' % ' A . '

1. Dpid you find ‘inaccurate or"oucdﬁtoq info:'ut:.lon in this course? 0O Yes Df‘b

“ ' ,COURSE IMPROVEMENT SURVEY

K

List the areas you found inaccurate or oyt of date. Give page o'r' paragraph if possible.

»

- T . »
~2. How long’did it take you to finish the course?
O1-5 hours 0 11-15 hours " 3 More than 20 hours ¢
0O6-10 hours Q0 1r6-20 hpurs
. B e .
- 3. Were the procedures taught in tbu course undor.tandnblo' and usofu/l?/ C]Yo). Cwo
- . :
If "No," how could they be lwroqua )
4. How much of ‘tho material taught in' this course can you apply to y'our job?
) ’ - 4
. O Almost all O very 1ittle - O None ¢
. O more than half O Lees than half . B
5. Did you have trouble reading or understanding the material in this course? 0 Yee O »o
If "Yes,", explain b ’ ‘ o -
6. Were the illustrations in this course helpful? 0 Yes QOno
" ’ ' .
If "Mo,” how could they be improved? -
. . ' . .- *‘
7. Put an "X" in a box gon the scale below to,show how well you feel the lessons and the course
materials prepared you for the final éxsmination. (On this scale "10" indicates that the
material prepared you very well, a "S5" indicates adequate preparation, and a "1" indicates very
poor preparation,) ) ) . '
Very Poor ’ Adequate Very Well
‘ , .
1 2 k I 4 s -6 ? T8 9 10 Py
8. If you asked NCI for help, wére the answers to your questions helpful? 4 T
i - LRt
- OYes Owe J¥o questions sent to MCI '
9. Pleass 1list beloy any suggestions you may have to improve this course. Try to be specific) give
page or paragr mmbers. (You may also use the space on the back or attach additional sheets.)
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